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i The  above  applies  to  primary  80T  and  primary  EOT.  Secondary  BOT  and  EOT  are 

• implemented  as  windows  in  the  tape  which  pass  between  a LED  and  phototransistor. 

- As  with  primary  BOT  and  EOT,  secondary  BOT  and  EOT  are  logic  latches,  and  will 

I not  be  retained  with  power  OFF,  When  power  is  later  turned  ON,  the  recorder  will 
‘ move  as  commanded,  and  will  indicate  secondary  BOT  or  EOT  only  if  the  appropriate 

- window  is  passed  between  the  LED  and  phototransistor  again. 

- Tertiary  BOT  and  EOT  will  be  retained  during  power  OFF,  since  each  is  a mechanical 

I brake  and  also  a switch  mechanism  which  prevents  the  motor  from  moving  tape  farther 

* into  BOT  or  EOT. 


* It  should  be  noted  that  all  of  the  above  applies  only  to  primary  power  OFF.  BOT,  EOT 


. and  tape  position  indications  are  retained  when  the  recorder  is  in  Standby  (Stop). 
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INTRODUCTION  TO  LMDSAT-D 


S7S-10265 
31  December  1981 


The  Landsat  pregram  had  its  origin  in  conceptual  studies  and  planning  pa rf on ad 
in  the  late  1960's,  culminating  with  the  launch  of  Landsat  1 in  July  of  19/2. 
The  program  has  focused  on  the  development  and  application  of  remote  sensing 
technology  from  space  to  assist  man  in  his  understanding  and  management  of  the 
earth's  resources.  The  program,  by  a variety  of  measures „ has  been  an 
unqualified  success.  The  number  of  data  applications  has  been  tardily 
expanding,  with  estimates  of  the  potential  annual  economic  benefit  to  this 
nation  alone  in  the  hundreds  of  millions  of  dollars.  By  early  1978,  the  number 
of  organizations  making  practical  use  of  Landsat  imagery  had  grown  to  over  600, 
spread  over  100  nations.  Seven  countries  have  installed  and  are  operating  their 
own  data  receiving  and  processing  stations;  at  least  three  more  are  currently 
planning  installations.  Formal  recognition  of  the  program's  significance  came 
in  1974  with  the  award  of  the  Collier  Trophy. 


1.1  LAND S AT- D PROJECT  OBJECTIVES 

The  Landsat-D  project  is  a major  step  in  the  orderly  development  and.  application 
of  remotely  sensed  data  fron  space  to  management  of  the  earth's  resources.  It 
will  provide  enhanced  remote  sensing  capabilities  relative  to  earlier  Lauds&ts 
through  improved  sensors,  wider  acquisition  of  global  data,  and  more  rapid 
procarsing  of  the  data  for  users. 

An  instrument  named  the  Thematic  Mapper  will  provide  the  new  sensing  capability. 
It  is  v.  mechanically  scanned  radiometer,  operating  in  seven  spectral  bands,  with 
30-meter  spatial  resolution.  Freviuus  Landsat  spacecraft  carry  radiometers  with 
80-meter  resolution  and  operate  in  four  or  five  spectral  v~hds. 

The  project  will  also  develop  a new,  highly  automata.  -ound  data  system  that 
will  calibrate  and  geometrically  correct  the  sensor  data  to  subpix=tl  accuracies, 
and  make  it  available  to  users  only  a few  days  after  observation. 


The  three  major  objectives  of  the  Landsat-D  project  are  to: 

1.  Assess  the  capability  for  the  Thematic  Mapper  (TM)  to  provide  improved 
information  for  Earth  Resources  Management. 

2.  Provide  system-level  feasibility  demonstrations  that  will  aid  federal 
agencies  in  decisions  on  the  need  for  an  operational  system.  It  will 
define  the  essential  features  of  such  a system  and  the  probable  coat. 

3.  Continue  foreign  support  and  investment  in  the  program. 


The  project  is  being  developed  by  NASA  and  will  eventually  be  transferred  to  the 
National  Oceanic  and  Atmospheric  Administration  (N0AA) . 
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The  Landsat-D  observatory  operates  from  a nominal  705  to  circular  sun- 
synchronous  orbit,  imaging  the  s<is?.a  185  to  swath  of  the  earth  surface  every  16 
days*  Af  Illustrated  in  Figure  1-1*  image  data  ; ^ .transwi tted  1*1  real  t/«  at 
Ku-band  via  the  Tracking  and  Bars  Relay  Satellite  (TORS)  to  Its  ground  terminal 
ct  *7hite  Sands,  Not  Mexico*  TM  data  is  recorded  and  tften  relayed  via  a domestic 
communications  satellite  (DCMSAT)  to  the  Goddard  Space  Flight  Center  (GSFC)  in 
Maryland  for  processing*  MSS  d ta  can  either  be  recorded  and  relayed  or  relayed 
in  realtime  to  GSFC  for  process  jag. 

Image  data  may  also  be  transmitted  directly  to  foreign  or  domestic  ground 
stations  at  X-band  in  addition  to,  or  In  lieu  of  , transmission  via  TORS*  A 
separate  S-band  direct  link  compatible  with  the  Landsat  1,2  and  3 is  also 
provided  to  transmit  MSS  data  to  those  stations  only  equipped  for  receiving  at 
S-band.  This  S-band  link  will  serve  es  the  primary  communication  path  prior  to 
the  availability  of  TDRS*  Spacecraft  telemetry  and  command  communications  j*aths 
are  via  TDRSS  at  S-baaJ,  and  through  the  NASA-GSIDN  stations* 

Tracking  d*vta  for  Lsndsat-D  is  obtained  via  TDRSS  or  the  GSTDN  stations. 
Ephemerls  data , required  by  the  spacecraft  for  attitude  control  and  by  the 
ground  segment  for  both  mission  planning  and  image  correction  processing  are 

computed  at  the  Goddard  Spat*"  Flight  Center*  However,  the  Landsat-D  spacecraft 
is  equipped  with  a Global  'Positioning  System  (GPS)  receiver/processor  which, 
after  checkout  and  calibration,  can  provide  the  spacecraft  epheme rides. 

1.2  FLIGHT  SEGMENT 

The  Landsat-D  Flight  Segment,  shown  in  its  orbital  configuration  in  Figure  1-2  » 

Is  characterized  by  by  Its  large  deployed  mast  supporting  the  TDRS  antenna  and  by 
its  single-wing  solar  array* 

The  main  body  of  the  spacecraft  Is  comprised  of  NASA^s  standard  Multimission 
Modular  Spacecraft  (MMS)  and  the  "L&ndsat  Instrument  Module  (IK)*  The  long 
dimension  of  the  spacecraft  body  (the  roll  axis)  lies  in  the  plane  of  the  orbit; 
the  yaw  axis  is  oriented  to  the  local  vertical  (parallel  to  the  antenna  mast); 
and  the  pitch  axis  is  norma1,  to  the  orbit  plane  and  parallel  to  the  axis  of 
rotation  of  the  sokr  array. 
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Figure  1-2 • Landsat-D  Flight  Segment  Configuration 
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The  principle  sensing  instruments  are:  1)  the  Thematic  Mapper,  located  at  the 
transition  adapter  between  the  Instrument  Module  and  the  MSS,  2)  and  the 
Kultispectral  Scanner  (MSS) , located  at  the  forward  end  of  the  Instrument 
Module*  Each  instruxsaat  uses  a moving  mirror  assembly  to  scan  in  the  cross-* 
track  direction  (perpendicular  to  the  spacecraft  ground  track)  and  depends  upon 
the  relative  motion  of  the  spacecraft  to  achieve  the  alohg-track  scan*  The 
Thematic  Mapper  uses  a multistage  passive  radiative  cooler  for  temperature 
control  of  the  thermal  band  detectors  (which  require  a large  unobstructed  space 
view).  The  cooler  is  oriented  to  the  anti-sun  side  of  the  spacecraft. 

The  mast  mount  for  the  TDRS  communications  assembly  extends  about  13  feet  above 
the  spacecraft  body  to  provide  a clear  f ield-of-view  to  the  TDRS  from  horizon- 
to-horizon.  An  L-band  antenna,  mounted  on  this  mast,  provides  nearly 
hemispherical  contact  with  the  Global  Positioning  System  satellites. 

From  the  sun-synchronous  Lands&t-D  orbit,  the  relative  motion  of  the  sunline 
traverses  a cone  centered  about  the  roll  axis.  The  solar  array,  with  its 
single-axis -of -rot  at  ion  drive,  moves  at  orbital  .rate  to  track  the  sun  and 
incorporates  a fixed  cant  or  bead  to  orient  the  array  nominally  perpendicular  to 
the  sun  line. 

Multimission  Modular  Spacecraft 

The  multimission  modular  spacecraft  provides  four  subsystem;  power,  attitude 
control,  communications  and  data  handling,  and  propulsion-  They  are  all  mounted 
on  a triangular  structure.  Each  subsystem  is  modularized,  with  the  former  three 
subsystems  housed  in  identical  48  x 48  % 12  inch  structures.  The  forward  end  of 
the  structure  provides  the  mating  surface  for  the  mission-unique  portion  of  the 
flight  segment,  and  the  aft  end  contains  the  propulsion  module.  For  Delta 
launches,  the  structure  also  provides  the  mechanical  interface  to  the  launch 
vehicle,  using  an  adapter  mated  to  the  aft  end  of  the  spacecraft-  For 
retrieval,  three  trunions  at  the  forward  end  mate  to  a support  cradle  which  is 
connected  to  the  Shuttle  cargo  bay. 

The  Power  Subsystem  utilizes  a Peak  Power  Tracker  to  optimize  the  transfer  of 
power  from  the  mission  unique  solar  array.  It  includes  three  50-ampere-hour 
nickel-cadmium  batteries,  with  the  necessary  provisions  for  temperature 
comparison  charge  control.  The  power  bus  operates  at  a nominal  28  volts  dc. 

The  Communications  and  Data  Handling  Subsystem  provides  telemetry  data  output  at 
two  data  rates:  8 kbps  during  normal  operations  (with  a I Kbps  backup  for  use 
during  launch  and  in  case  of  contingencies),  and  a 32  Kbps  transmission  mode 
for  on-board  computer  memory  dump  and  Payload  Correction  Data  transmission.  Two 
standard  tape  recorders  are  included  for  recording  and  subsequent  playback  of 
telemetry  data.  Transmission  of  recorded  telemetry  data  may  be  directed  to  GSTDN 
Stations,  or  to  the  ground  via  TDRSS. 
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The  command  portion  of  the  subsystem  provides  serial  and  pulse  command 
capability.  L&ndsafc-B  will  utilize  three  command  rates:  125,  1000,  and  2000 

bps  , depending  on  the  uplink  command  path.  All  communications  between  Lands&t- 
D and  the  ground  take  place  via  the  C&DH  module , with  the  exception  of  wideband 
instrument  data.  The  Communication  and  Data  Handing  Module  also  contains  an  on- 
board computer  with  64,000  words  of  memory.  The  capability  exists  to  fully 
reload  the  memory  via  command  uplink  from  the  ground,  and  to  dump  the  memory  via 
telemetry.  The  computer  is  used  for  a variety  of  functions  including  attitude 
control,  high  gain  antenna  pointing/control,  spacecraf t/TDRS/solar  ephemeris 
computation,  failure  detection  and  correction,  and  housekeeping  telemetry 
monitoring. 

The  Attitude  Control  Subsystem  is  a high-precision,  zero-momentum  system  with 
three-axis  pointing  accuracy  of  0.01  degree  and  a stability  of  10 degree  per 
second.  It  achieves  this  precision  using  an  inertial  reference  unit  with 
attitude  updates  from  two  star  trackers.  A three-axis  magnetometer  and  torquer 
magnets  continuously  unload  the  momentum  wheels.  Backup  wheel  unloading  is 
provided  by  the  propulsion  module.  Since  the  specific  pointing  modes  are 
mission-unique,  all  control  algorithms  are  implemented  in  software  executed  in 
the  on-board  computer.  A Safehold  mode  is  provided  which  maintains  an  earth  pointing 
attitude  which  without  use  of  the  on-board  computer.  It  utilizes  redundant 
scanning  earth  horizon  sensors  as  .a  two-axis  (pitch /roll)  reference  with  a 
gyrocompass  reference  in  yaw. 


The  Propulsion  Module  is  mounted  at  the  aft  end  of  the  spacecraft  and  uses 
hydrazine  fuel.  It  includes  both  5-lbf  (lift)  thrusters  and  0.2  Ibf  (0.5N) 
thrusters.  The  large  thrusters  are  used  to  make  orbit  adjustments  to  maintain 
the  16-day-repeating  Lands a.t-D  ground  swath.  The  large  thrusters  are  also  used 
for  the  orbit  altitude  changes  needed  for  Shuttle  rendezvous.  The  small 
thrusters  are  used  for  initial  stabilization  and  for  backup  attitude  control 
system  momentum  wheel  unloading. 

Multispectral  Scanner 

The  Multispectral  Scanner  (MSS)  is  very  similar  to  that  flown  on  Lands ats  1 and 
2.  The  optics  and  the  scan  mechanism  have  been  modified  to  account  for  the  lower 
altitude  of  the  Landsat-D  orbit.  The  optics  are  a Ritchey-Cretien  type, 
focusing  the  scanned  earth  image  on  a set  of  detectors.  The  instrument  includes 
four  spectral  bands  in  the  vi sable  and  very  near  IR.  Bands  one  through  three 
use  photomultiplier  tubes  as  detectors,  while  band  4 uses  silicon  photo  diodes. 

Twenty-four  detectors  (six  in  each  of  the  four  spectral  bands)  are  scanned 
across  the  flight  segment  ground  track  every  73.4  milliseconds.  The  velocity  of 
the  flight  segment  in  orbit  is  such  that  the  ground  track  advances  the 
equivalent  of  six  scan  lines  once  each  mirror  scan  cycle.  The  15.06  megabit- 
per-second  output  data  stream  contains  a continuous  185  km  (100  nautical  miles) 
swath  of  image  data  on  the  ground,  plus  calibration  information  inserted  during 
the  inactive  portion  of  the  scan  mirror  cycle. 
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Flight  segment  time  code  is  included  in  the  data  stream,  with  a complete  code 
occurring  every  other  mirror  scan*  Time  information  is  used  to  correlate  the 
MSS  image  data  with  flight  segcjent  ephemerls  and  attitude  .during  geometric 
correction  processing  on  the  ground. 

Thematic  Mapper 

/ 

The  Thematic  Mapper  is  a new  instrument  with  improved  resolution  and  spectral 
coverage.  It  operates  In  seven  spectral  bands.  Bands  one  through  five  end 
sevenband  cover  the  visible  and  near-infrared,  while  band  sis  provides  coverage 
in  the  thermal  infrared  portion  of  the  spectrum.  Bands  one  through  five  and 
band  seven  have  an  Instantaneous  field-of-view  (IFOV)  equivalent  to  a 30-  meter 
square  when  projected  on  the  ground;  band  six  has  an  IFOV  equivalent  to  a 120- 
meter  square  on  the  ground.  The  output  data  rate  is  84.9  megabits  per  second. 
The  downlinked  data  stream  includes  the  imagery  data  and  time  code  for 
correlation  with  attitude  and  ephemaris  data  during  ground  processing. 

The  Thematic  Mapper  employ©  a bidirectional  scanning  system;  I.e.,  it  scans  in 
both  directions  across  the  ground  track,  yielding  an  85  percent  scan  efficiency. 
The  optics  are  a Ritchey-Cretien  type  projecting  the  ground  scene  onto  two  focal 
plane  detector  arrays.  Bands  one  through  four  are  on  one  focal  plane,  while 
bands  five  through  seven  are  on  the  other.  Sixteen  detectors  are  employed  at 
the  focal  plane  for  the  high  resolution  bands,  while  four  are  utilized  for  the 
thermal  band.  Sixteen  scan  lines  are  therefore  generated  for  each  high- 
resolution  band,  and  four  are  generated  for  the  thermal  band  during  each  ©can 
mirror  sweep. 

Global  Positioning  System 

The  GPS  on  the  flight  segment  includes  an  antenna  for  receipt  of  two  L-band 
signals  from  the  Navigation  Satellites,  a preamplifier,  an  oscillator,  and  a 
recei ver/processor  assembly.  The  CPS  system  receives  messages  which  are 
continuously  transmitted  from  a constellation  of  Navigation  Satellites,  selects 
the  optimum  subset  of  satellites  from  which  to  utilise  the  data,  and  calculates 
three-dimensional  position  and  velocity  data  of  the  host  (Landsat-D)  satellite. 
GPS  time  is  also  calculated;  this  time  Is  offset  from  Universal  Time  Coordinated 
(UTC)  by  a known  amount. 

Every  six  seconds,  nominally,  updated  position  and  velocity  data  is  output  from 
the  receiver/processor  assembly  to  the  on-board  computer  in  the  Communications 
and  Data  Handling  Subsystem.  These  updates  are  transformed  in  the  computer  into 
the  proper  coordinate  systems  and  utilized  for  attitude  control  and  the 
computation  of  high -gain  antenna  pointing  angles-  The  position  and  velocity 
data  is  also  downlinked  on  telemetry  for  later  use  In  gee me trie  correction  of 
Thematic  Mapper  and  Multispectral  Scanner  imagery  ou  the  ground. 

In  the  early  1980s,  only  six  of  the  planned  18  Navigation  Satellites  will  be  in 
orbit.  Consequently,  there  will  be  periods  when  no  Navigation  Satellites  are  in 
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view  of  the  Landsat  GPS  antenna-  During  these  periods,  the  receiver/processor 
operates  in  a ’’propagate’*  mode,  estimating  position  and  velocity  of  the  host 
satellite  based  on  last  data. 

Since  Lands at-D  is  one  of  the  first  NASA  spacecraft  to  carry  the  GPS,  an 
experimental  period  extending  over  the  first  several  -month#'  of  the  mission  is 
planned.  During  this  period,  ephemeris  accuracies  will  be  validated  and  overall 
performance  of  the  subsystem  will  be  assessed.  The  receiver/processor  assembly 
can  output  a series  of  data  files  and  the  contents  of  its  entire  memory  for 
downlink  via  telemetry;  this  data  is  used  for  validation  as  well  as  for 
diagnostic  purposes  in  the  event  of  contigencies . The  memory  can  also  be 
reloaded  by  command  uplink  from  the  ground. 

1 .3  FLIGHT  SEGMENT  DESIGN 

The  Flight  Segment  configuration  is  a result  of  extensive  trade-off  studies  to 
establish  a simple  design  that  makes  maximum  use  of  flight-proven  designs  and 
hardware.  The  key  design  features  for  the  selected  configuration  are: 

1.  Modular  design  (utilising  the  MKS  spacecraft)  allowing  parallel 
integration  and  test  of  subsystems  prior  to  overall  spacecraft 
integration . 

2.  Earth  referencing,  acquisition,  and  Safe  Hold  control  modes  to  provide 
a cone  of  sun  avoidance  about  the  optical  axes  of  both  the  TM  and  MSS. 

2 

3.  Rigid  four-panel  solar  array  of  150  fc  . The  outer  three  panels  are 
canted  at  22°  to  maximize  solar  collection  capability  and  the  axis  of 
rotation  is  offset  to  minimize  interference  with  the  TDRS  antenna 
field  of  view. 

4.  Aluminum  bifold  boom  to  provide  stable  support  for  the  TDRSS  antenna, 
located  to  avoid  daytime  blockage  of  the  communication  link  to  TDRSS. 

5.  Jettison  capability  for  the  TDRSS  antenna  and  solar  array  assemblies 
to  satisfy  Shuttle  retrieval  requirements. 

6.  GPS  antenna  mounted  on  the  TDRSS  antenna  boom  to  provide  the  requited 
coverage  without  a separate  deployment.  Electronics  are  mounted  in 
the  upper  support  structure  near  the  antenna  boom  with  a pre-amplifier 
mounted  on  the  boom  adjacent  to  the  GPS  antenna. 

7.  Thermal  control  at  the  i&odule  level  with  near-adiabatic  interface?  to 
the  primary  structure,  using  passive  thermal  control  augmented  by 
thermostatically  controlled  heaters. 
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8.  A three-axis  angular  displacement  sensor  assembly  to  provide,  in 
conjunction  with  the  inertial  gyros,  payload  correction  data  to  the  TM 
Ground  Processing  System  to  allow  for  compensation  of  the  Ricro-raoticn 
of  the  TM  optical  axis* 


Communication  Links 

Landsat-D  uses  a wide  variety  of  communications  links  in  order  to  fulfill  its 
mission.  There  are  three  kinds  of  links: 

1.  Narrowfeand—for  housekeeping  telemetry,  command  and  tracking. 

2*  Wideband — for  earth  observation  (MSS  and  TM)  data.. 

3.  Global  positioning  system  (GPS) — for  navigation  and  time  data. 


S-band  and  Ku-band  links  are  used  by  Landsat-D  for  narrowband  a.  3 wideband 
communications,  respectively.  Both  bands  are  transmitted  through  the  high-gain 
antenna  to  TDRS.  The  S-band  link  can  be  achieved  through  either  the  single 
access  (SSA)  or  the  multiple  access  (SHA)  services  that  TDRS  provides.  The  S~ 
band  data  is  also  transmitted  thi^gh  omni-directional  antennas  for  GSTDft  or 
TDRS  single-access  use. 

Existing  foreign  ground  stations  are  equipped  to  receive  15  Mbps  MSS  data  on  S- 
band.  However,  the  bandwidth  available  on  the  S-band  allocation  is  inadequate  to 
handle  the  84.9  Mbps  data  from  the  Thematic  Mapper.  An  X-band  link  is  provided 
to  permit  TM  or  MSS  data  to  be  received  by  upgraded  foreign  ground  stations* 

The  links  to  GPS  are  at  L-band  and  are  Receive-Only . 

Wideband  Communication  Subsystem 

The  Wideband  Communication  Subsystem  enables  the  Flight  Segment  to  transmit  MSS 
and  TM  instrument  data  to  both  TDRSS  and  ground-based  users.  It  further  enables 
the  spacecraft  to  acquire  and  track  TDRSS  forward  link  emissions  at  Ku-band. 
The  subsystem  consists  of  the  RF  compartment,  wideband  module,  and  gitabal  drive 
assembly.  The  RF  compartment  is  integrally  mounted  on  a 1.8  meter  (6  feet),  Ku- 
band  high -gain  antenna,  and  contains  the  Ku-band  auto track  receiver  front-end 
components  and  all  other  Ku-band  RF  components  required  to  transmit  to  TDRSS. 
The  wideband  module  contains  the  mode  selection  and  modulation  equipment;  this 
equipment  is  used  for  both  the  KSA  and  X-band  links  in  addition  to  all  the  X- 
band  RF  equipment  required  for  direct  com&uni cat ions  with  ground  stations.  The 
S-band  transmitters  are  mounted  in  the  instrument  module  structure  above  the 
wideband  module,  and  the  S-band  antenna  is  mounted  on  ■ the  wideband  module, 
adjacent  to  the  X-band  antenna. 
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All  RF;  dc  power,  and  signal  lines  required  for  interconnection  between  the  RF 
compartment  and  the  wideband  module  are  contained  in  a redundant  cable  bundle. 
RF  signals  are  at  S-hand  to  prevent  excessive  coaxial  cable  at term  tat ion*  A 
cable  wrap-up  arrangement  is  utilised  in  the  gimbal  drive  assembly*  The  cable 
bundle,  on  the  inboard  side  of  the  gimbals,  is  routed  down  the  mast  to  the 
wideband  module. 

1.4  FLIGHT  SEGMENT  LAUNCH  CONFIGURATION 

The  Flight  Segment  launch  configuration,  shown  in  Figure  1-3,  is  constrained  by 
the  Delta  86-inch  diameter  shroud  envelope.  The  six-foot  diameter  TDRSS  antenna 
is  stowed  in  the  forward  shroud  area  extending  into  the  conical  portion  of  the 
shroud.  The  rear  of  the  antenna  assembly  is  preloaded  to  the  antenna  boom  and 
forward  portion  of  the  primary  structure  to  provide  a rigid  tie  during  launch. 

The  bifold  boom  antenna  assembly  has  one  end  supported  from  the  primary 
structure  at  a hinge  joint  just  forward  of  the  Thematic  Mapper.  The  primary 
structure  has  a cutout  to  allow  the  antenna  boom  to  be  stowed  directly  under  the 
solar  array  assembly.  The  boom  extends  forward  where  the  second  hinge  joint 

occurs.  A short  boom  segment  extends  back  from  the  forward  hinge  to  mate  with 
the  TDRSS  antenna  gimbal  assembly.  A launch  leek  is  also  provided  between  the 
upper  boom  segment  and  the  TDRSS  antenna  RF  compartment  to  cage  the  gimbal 
assembly  during  launch  and  powered  flight. 

The  solar  array  assembly  is  stowed  for  launch  between  the  upper  support 
structure  and  the  Delta  shroud  envelope.  The  panels  are  rigidly  tied  to  the 
primary  structure  at  four  locations  during  launch. 

The  Thematic  Mapper  (TM)  is  mounted  directly  on  the  mission  adapter,  which  In 
turn  is  attached  to  the  forward  portion  of  the  MMS.  Graphite-epoxy  truss  tubes 
are  provided  to  assist  in  the  distribution  of  the  launch  loads  around  the  TM. 

The  payload  attach  fitting  ties  into  the  three  corners  of  the  MMS  module  support 
structure;  the  volume  provided  within  allows  for  the  mounting  of  the  propulsion 
system.  The  aft  end  of  the  payload  attach  fitting  ties  to  the  Delta  second 
stage. 
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SECTION  3.0 

MODULAR  ATTITUDE  CONTROL  SYSTEM 

The  Modular  Attitude  Control  Subsystem  (MACS)  is  the  attitude  control  module  for 
NASA's  Multimission  Modular  Spacecraft  (MMS).  The  MMS  configuration  is 
adaptable  for  earth  pointing  missions  including  Landsat-D  and  Landsat-D  Prime. 
The  MACS  is  compatible  with  either  the  Space  Transport  System  (Shuttle)  or  the 
ground  launch  vehicle.  Figure  3-1  shows  a MACS  module  integrated  Into  ♦"he 
Landsat-D  spacecraft.  Figure  3-2  shows  the  specific  modules  that  makeup  the  MMS 
subsystems. 

The  Communications  and  Data  Handling  (C&DH)  Module  handles  all  MACS  commands. 
The  On-Board  Computer  (OBC)  is  a component  of  the  C&DH  module.  In  the  normal 
mode  of  operation  of  the  MACS  the  OBC  becomes  a part  of  attitude  control 
function. 

A MACS  is  comprised  of  sensors,  actuators  and  associated  electronics,  see  Figure 
3-3.  In  addition,  the  attitude  control  requires  data  from  an  Earth  Sensor 
Assembly  (ESA1  or  ESA2)  which  is  located  in  the  Earth  Sensor  Assembly  Module 
(ESAM)  located  on  the  MMS  Module  Support  Structure  and  also  from  a Coarse  Sun 
Sensor  (CSS1  or  CSS2)  which  is  mounted  on  the  Solar  Array.  The  MACS  Attitude 
Control  Electronics  (ACE)  can  issue  logic  commands  directly  to  the  thrusters 
which  are  part  of  the  Propulsion  Module  (PM). 

Figure  3-4  shows  the  Functional  Block  Diagram  of  the  MACS  including  the  sensors 
not  physically  a part  of  the  MACS  module. 

Figure  3-5  shows  the  orientation  of  the  MACS  actuators  relative  to  the  MACS 
rectangular  coordinate  frame. 

The  Modular  Power  Subsystem  (MPS)  supplies  28  VDG  to  the  Power  Switching  Unit. 
One  of  the  redundant  Attitude  Control  Electronics  (ACE  A or  ACE  B)  and  both 
Remote  Interfaces  Units  to  the  C&DH  module  are  powered  ON  when  MPS  power  is 
applied  to  the  MACS.  Power  to  the  remaining  MACS  components  Is  controlled  by 
specific  Discrete  Commands. 

The  Fixed  Head  Star  Tracker  (FHST)  and  the  Inertial  Reference  Unit  (XRU)  supply 
the  data  required  for  the  OBC  to  determine  the  real  time  attitude  of  the 
spacecraft  In  terms  of  the  Earth  Centered  Inertial  (ECI)  coordinate  reference 
frame.  The  desired  ECI  reference  frame  requires  a knowledge  cf  the  .spacecraft 
epheineris  data. 
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Figure  3-1*  MMS  Integrated  to  the  Landsat-D  Spacecraft 
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Figure  3 3.  MACS  Components  and  Packaging  Arrangement 
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Figure  3-5.  MACS  Actuator  Alignment 
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3.1  FUNCTIONAL  DESCRIPTION 

The  MACS  consists  of  sensors , actuators , associated  electronics  and  a mounting 
structure.  The  MACS  structure  is  mounted  on  the  MMS  with  its  rectangular 
coordinate  axes  aligned  with  the  Flight  Segment  coordinate  axes.  The  following 
sections  give  a general  functional  description  of  each  component  of  the  MACS 
module. 

3.1.1  POWER  SWITCHING  UNIT  (PSU) 

The  power  switching  unit  receives  fused  power  from  the  Modulator  Power  Subsystem 
and  distributes  power  over  separate  fused  paths  to  the  individual  MACS 
components.  It  contains  power  switching  relays,  pulse  stretchers  and  fuses. 

Unswitched  fused  power  is  routed  to  RIU2A  and  RIU2B  through  separate  redundant 
wires  and  is  applied  to  both  RIUs  when  power  is  applied  to  the  MACS. 

3.1.2  REMOTE  INTERFACE  UNIT  (RIU) 

The  MACS  employs  RIU  2A  and  RIU  2B  for  interface  with  the  Communications  and 
Data  Handling  Module.  Either  RIU  can  receive  64  discrete  command  arid  six  Serial 
Magnitude  Commands.  Each  RIU  includes  an  Expander  Unit  (EU)  and  can  supply 
telemetry  data  from  128  points. 

3.1.3  INERTIAL  REFERENCE  UNIT  (IRU) 

The  MACS  includes  the  NASA  standard  IRU  which  supplies  the  inertial  data 
required  for  attitude  control.  The  IRU  has  three  totally  Independent  gyro 
channels  and  each  channel  supplies  two  axes  information  derived  from  a dedicated 
gyro  with  two  degrees  of  freedom.  The  three  channel  inertial  reference  unit 
contains  the  following  major  elements: 

1 . Three  two-degree  of  freedom  dry  tuned-gimbal  gyros 

2.  Three  independent  sets  of  five  each  electronic  modules 

3.  Three  independent  power  supplies 

4.  One  chassis  and  housing  assembly 

5.  One  optical  alignment  cube 
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The  three  gyros  are  aligned  with  the  MACS  rectangular  coordinate  axes  and  supply 
inertial  rate  and  position  information  relative  to  the  MACS  coordinate  reference 
frame . The  XRU  channel  assignment  is  as  follows: 


Channel 

Axes 

Rate  and  Position  Signal 

B 

+X,  -Y 

Roll  1,  Pitch  1 

A 

-Z,  -fX 

Yaw  1,  Roll  2 

C 

~Y,  -Z 

Pitch  2,  Yaw  2 

Figure  3.1-1  shows  a functional  block  diagram  of  a single  gyro  channel.  Table 
3.1-1  lists  the  major  components  or  modules  used  in  each  of  the  three  channels 
as  well  as  some  of  their  functions. 

Any  2 of  the  3 channels  are  required  to  yield  3-axes  information.  Nominally 
Channels  A and  C will  be  used  with  the  prime  sensors  being  Roll  2,  Pitch  2,  and 
Yaw  2.  Note  that  the  configuration  Roll  1,  Pitch  1#  and  Yaw  1 also  requires  the 
use  of  Channel  A. 

The  gyros  are  caged  in  an  analog  torque  balance  mode  with  restoring  currents 
which  are  proportional  to  the  spacecraft  angular  rate.  The  voltage  developed  by 
the  current  passing  through  precision  scaling  resistors  is  then  vo It age- to- 
frequency  (V/F)  converted  by  reset  integrator  V/F  converters.  Two  eets  of 
scaling  resisters  are  used  per  gyro  axis  to  provide  for  the  externally 
coamandable  high  and  low  rate  ranging. 

Each  channel  supplies  + 9 pulse  trains  with  an  associated  reference  clock  which 
gives  a pulse  count  proportional  to  the  incremental  rotation  about  each  gyro 
axis.  The  pulse  count  scale  factor  is  selected  by  the  applicable  discrete 
command:  0.05  arc  sec. /pulse  for  the  low  rate  mode  and  0.8  arc  sec. /pulse  for 
the  high  rate  mode.  The  gyro  performance  temperature  coefficients  are  highly 
linear  and  stable,  therefore  self-contained  analog  temperature  compensation  is 
employed  for  operation  over  a AOOq  temperature  range  without  the  need  for 
external  software  compensation.  No  heaters  or  temperature  control  is  used  which 
significantly  reduces  power  consumption  and  enhances  reliability.  Each  gyro 
contains  three  independent  temperature  sensors  with  one  for  each  sensing  axis 
used  for  internal  compensation  and  the  third  for  telemetry  output. 

At  turn  ON,  each  channel  is  initialized  in  the  high  rate.  Bilevel  telemetry  from 
each  IRU  channel  indicates  the  rate  selected . 

Analog  telemetry  supplied  to  the  RIU  gives  the  regulated  DC  voltages,  the  gyro 
spin  motor  current  and  the  gyro  temperature. 
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Table  3,1-1.  DRIRU  II  Hardware  Components  Per  Channel 




Quantity 

Componeat/Module 

1 

SDG-5  Strapdown  gyro  plus  interface  module 

1 

V/F  converter  module 

1 

V/F  buffer  module 

Bl-Polar  output  logic 
Countdown  logic 
"High"  mode  start  logic 
Range  select 

1 

Caging  and  temperature  compensation  module 
Integra?  gain 
2nd  order  filter 
Demodulator 

1 

Power  amplifier  and  range  control  module 
Cross  axis  compensation  (direct  optional) 
Range  control  and  status 
Scaling  Resistors 
Analog  output 

j 

1 

SS  poet  module 

Spin  supply,  timing  and  switching  logic 
Motor  anti-hunt  (optional) 

P.0 . exi citation 

Telemetry  (motor  current  and  power  supply  voltage) 

1 

Power  supply 
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3 a. 4 FIXED  HEAD  STAR  TRACKER  ( FHST)  AND  BRIGHT  OBJECT  SENSOR  (BOS) 

The  Lands at-D  MACS  contains  two  Fixed  Head  Star  Trackers  (FHST)*  The 
orientation  is  shown  in  Figure  3*1-2*  In  nomal  operations  the  star  trackers 
will  never  view  the  sun  or  the  earth.  Each  tracker,  however,  is  equiped  with  a 
Shutter  Housing  Assembly  (SHA)  with  its  associated  Bright  Object  Sensor  (BOS  #1 
for  FHST  #1  and  BOS  #2  for  FHST  #2)  and  a Stray  Light  Shield.  Figure  3.1-3 
shows  the  FHST,  BOS  and  Stray  Light  Shield  integrated  with  the  spacecraft 
housing. 

The  star  tracker  is  designed  to  acquire  and  track  stars  whose  magnitude  is 
between  5.7  and  7,  with  angular  size  as  large  as  8 arc  minutes.  The  FHST  can 
maintain  tracking  throught  its  field-of-vlew,  and  provide  two-axis  position 
information  at  vehicle  rates  up  to  0.3  degrees  per  second.  The  block  diagram  of 
the  FHST  is  shown  in  Figure  3.1-4.  The  FHST  consists  of  nine  basic  subsystems. 
These  include  the  following: 

1 . Lens 

2.  Image  Disection  Tude  (IDT) 

3.  Power  Subsystem 

4 . Scan  Generators 

5.  Deflection  Circuits 

6.  Timing  and  Control  Logic 

7 . Video  Processor 

8.  Input  Circuitry 

9.  Output  Circuitry 
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Figure  3 *1-3*  FHST  With  Bright  Object  Protection  and  Stray  Light  Sh4eld 
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Figure  3.1-5.  FHST  Scan  Geometry 
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When  power  is  applied  to  the  system  and  no  other  mode  is  commanded,  the  FHST 
Will  automatically  start  out  in  the  search  mode.  This  mode  causes  the 
instrument  to  search  the  total  field  of  view  (TFOV)  by  scanning  the  pattern 
shown  in  Figure  3.1-5.  This  pattern  is  a left  to  right,  then  right  to  .’eft 
horizontal  direction  sweep  of  approximately  70  position  (shown  in  Figure  3.1-5) 
and  takes  ten  seconds  to  complete  the  TFOV.  During  the  search  mode,  the  FUST 
delivers  no  information  on  targets  in  the  FOV.  Rather,  its  objective  is  to 
locate  a proper  target  about  which  information  can  be  obtained.  Four 
coma&ndable  threshold  levels  are  available  to  provide  for  setting  of  the  minimum 
sensitivity  from  5.7  to  3 visual  magnitude.  On  Landsat-D  the  nominal  threshold 
is  set  at  4.0.  The  search  scan  continues  until  the  first  star  that  exceeds  the 
commanded  threshold  level  is  detected.  When  this  occurs,  the  star  is  acquired 
and  track  scan  begins. 


When  the  FHST  enters  the  track  mode,  the  instrument  forms  a smaller  cross 
pattern  with  a repetition  rate  of  100  times  per  second.  This  pattern  is  shown 
spatially  in  Figure  3.1-5.  The  track  pattern  centers  on  the  star  image  and  a 
STAR  PRESENT  bit  is  generated  in  the  output  word  signifying  that  two-axis 
position  and  intensity  data  are  available.  The  horizontal  position  information 
(ones-complement)  is  contained  in  the  first  12  bits  of  FHST  word  1 (MACS  Serial 
Digital  Data  (SSD)  word  8 for  FHST  1,  and  KAOS  SSD  word  10  for  FHST  2).  The 
vertical  position  information  is  contained  in  the  first  12  bits  of  FHST  word  2 
(MACS  SDD  word  9 for  FHST  l and  MACS  SSD  word  11  for  FHST  2).  As  the  star  moves 
in  the  FOV  due  to  vehicle  attitude  changes,  the  track  pattern  remains  locked 
onto  the  star  image  and  the  position  information  is  continuously  updated. 
During  this  mode  of  operation  the  FHST  sees  only  the  acquired  star.  It  is  not 
influenced  by  and  provides  no  information  about,  other  targets  in  the  FOV. 
Tracking  of  the  same  star  continues  until: 

1.  The  star  leaves  the  FOV. 

2.  A Break  Track  command  is  received. 

3.  The  star  intensity  falls  below  the  commanded  level. 

When  any  of  the  three  above  events  occur,  the  search  mode  is  resumed  at  a point 
approximately  0.7  degrees  more  positive  in  the  V coordinate  from  where  the  star 
was  last  tracked.  This  assures  that  the  same  star  will  not  be  required  for  one 
complete  TFOV  scan.  Figure  3.1-6  shows  the  FHST  coordinate  system. 

The  FHST  electronics  lias  an  OFFSET  Mode  which  selects  a 1-1/4  by  1-1/4  degree 
Reduced  Field  of  Viaw  (RF0V).  The  RFOV  is  selected  by  the  appropriate  SM 
command  allowing  the  FHST  to  acquire  any  star  within  the  selected  RFOV.  Once 
acquired,  the  star  is  tracked  throughout  the  TFOV.  Loss  of  acquisition  causes 
the  return  of  the  FHST  to  the  acquisiton  scan  of  the  RFOV  at  the  selected 
coordinates  (sector)  within  the  TFOV. 
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The  Bright  Object  Sensor  (BOS)  protects  the  IDT  from  exposure  to  the  sun  or 
earth  limb.  Should  the  sun  corse  within  28  degrees  or  the  earth  limb  within  17.5 
degree^  of  the  optical  axis,  the  BOS  sends  the  FUST  a signal  to  close  the 
shutter  The  shutter  remains  closed  until  the  receipt  of  the  FHST  Serial 
Magnitude  Command  (110  000  000  000  0000)^  shutter  0pen  Enable/Threshoid  Set 

Enable » 

Upon  receipt  of  the  appropriate  SM  command,  the  tracker  will  enter  the  OFFSET 
Mode  and  scan  a Reduced  Field  of  View  (RF0V) . The  OFFSET  Mode  is  used  to  search 
for  a star  known  to  be  within  the  selected  portion  of  the  Total  Field  of  View 
(TFQV) . 

In  response  to  either  a Bright  Object  Alert  (BOA)  signal  from  the  BOS,  or  Target 
Suppress  (IS)  signal,  the  FHST  will  close  its  shutter.  The  target  suppress 
signal  is  sent  any  time  the  tracker  detects  excessive  image  disector  current. 
The  FHST  shutter  is  closed  to  protect  the  IDT,  and  the  shutter  remains  closed 
until  commanded  open  by  either: 

1.  A Shutter  Open  SM  command. 

2.  Or  a Break  Track  SM  command. 

The  Break  Track  SM  command  unlatches  the  FUST  shutter  closed  by  either  a BOA  or 
Target  Suppress  signal  and  also  returns  the  tracker  to  the  normal  Search  Mode  of 
operation. 

Each  FHST  has  a sun  shade  which  is  a conical  component  assembled  to  the  FHST 
shutter  housing  assembly  boresighted  to  the  optical  axes.  The  sun  shade  allows 
the  acquisition  and  tracking  of  stars  that  have  sun  angles  of  85  degrees  or  more 
from  the  +Y  MACS  axis. 

3.1.5  THREE  AXIS  MAGNETOMETER  (TAM) 

A MACS  includes  redundant  Magnetometers  with  the  X,  Y and  Z axes  coincident  (1 
deg.  mounting  accuracy)  with  the  MACS  rectangular  coordinate  reference  frame. 
The  polarity  convention  specifies  the  earth "s  magnetic  field  vector  as  positive 
in  the  northerly  direction  and  positive  into  the  earth  at  higher  northern 
latitudes. 

A TAM  is  a triaxial  flux-gate  magnetometer  that  outputs  analog  signals  that  are 
proportional  to  the  three  axis  components  of  the  magnetic  field  vector. 

The  TAM  is  operational  any  time  It  is  powered  ON,  and  both  TAM1  and  TAM2  can  be 
powered  simultaneously.  TAM  outputs  are  connected  to  both  RIUs  and  to  the  ACE. 
Each  TAM  provides  a linear  0 to  5 VDC  output  for  sensed  magnetic  field  Intensity 
within  the  range  of  -1000  milligauss  to  -H000  milligauss  on  each  axis  outputs -to 
the  analog  telemetry  data  inputs  of  both  RXU^s.  The  RIU  digitizes  the  0 to  5VDC 
TAM  telemetry  outputs.  An  eight  bit  word  provides  the  0BC  with  a 20  millivolt 
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or  8 milligauss  resolution.  TAM1  or  TAM2  supplies  10  millivoTt/milligauss  X,  Y 
and  Z analog  signals  to  the  ACE.  The  ACE  selects  the  appropriate  signals  for 
use  in  the  Safehold  Mode. 

The  X,  Y and  Z axes  signals  from  both  TAM1  and  TAM2  are  supplied  to  their 
respective  telemetry  data  inputs  to  the  "ON"  R1U. 

3.1.6  STANDARD  REACTION  WHEEL  (SRU) 

The  NASA  Standard  Reaction  Wheel  includes  a two-phase  20-pole  induction  motor 
and  a flywheel  mounted  within  a sealed  enclosure.  The  SRW  can  store  21.9  N-M- 
sec  (nominal)  of  angular  momentum  at  a synchronous  speed  of  2400  RPM.  The  SRW 
creates  a 0.16  N-M  torque  for  wheel  speeds  between  stall  and  50%  of  sync  speed 
when  a 24  V zero  to  peak  400  Hz  square  wave  is  applied. 

The  MACS  employs  four  SRWs.  The  roll  SRW  is  mounted  to  the  interior  +X  MACS 
module  face  with  its  negative  momentum  vector  aligned  in  the  +X  MACS  direction. 
The  Pitch  SRW  is  mounted  to  the  interior  -Y  MACS  module  face  with  its  positive 
momentum  vector  aligned  in  the  *tY  MACS  direction.  The  Yaw  SRW  is  mounted  to  the 
-Z  MACS  module  face  with  its  positive  momentum  vector  aligned  in  the  -f-Z  MACS 
direction.  The  Skew  SRW  is  mounted  to  the  interior  -X  MACS  module  face  by  means 
of  a skew  bracket  which  aligns  the  wheel  positive  momentum  vector  equiangular  to 
the  MACS  reference  frame. 

Each  SRW  has  redundant  TACHS  with  channel  1 dedicated  to  ACE  A and  IRU  POSN/Tach 
Signal  Processor  (ITP)  A and  channel  2 dedicated  to  ACE  B and  I TP  B. 

The  SRWs  provide  the  spacecraft  torque  required  for  orbital  fine  pointing  with 
the  wheels  normally  unloaded  to  maintain  wheel  speed  below  1000  RPM. 

3.1.7  MAGNETIC  TORQUERS 

The  Magnetic  Torquers  are  electromagnets  that  are  placed  along  the  MACS  control 
axes.  The  X and  Y Magnetic  Torquers  are  identical,  with  each  consisting  of  two 
windings  on  one  29*2"  ferromagnetic  rod.  The  Z-axis  has  two  identical 
electromagnets,  each  wound  on  a 15.75"  ferromagnetic  rod.  The  Magnetic  Torquers 
provide  redundant  operation.  In  normal  operation,  all  six  windings  are  powered. 
Each  winding  can  produce  a nominal  dipole  moment  of  63,000  pole-cm. 

The  Magnetic  Torquers  produce  a magnetic  dipole  moment  which  reacts  against  the 
earth's  magnetic  field  and  produces  a torque  on  the  spacecraft.  The  reaction 
wheels  (SRWs),  during  orbital  fine  pointing,  are  used  to  supply  the  torques  to 
control  the  spacecraft's  attitude.  The  Magnetic  Torquers  are  used  to  produce  a 
spacecraft  disturbance  torque  which,  when  corrected  by  the  normal  operation  of 
the  ACS,  will  reduce  the  wheel  (SRW)  speed. 

A control  signal  request  for  a specified  axis  dipole  moment  is  processed  by  the 
Magnetic  Torquer  A and  B Drive  Electronics  which  results  in  equal  drive  currents 
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In  the  A and  B windings  * In  the  event  of  a winding  or  elect  ronics  failure,  the 
redundant  channel  gain  is  changed  to  compensate  for  the  failure,  producing  the 
disturbance  torques  per  control  signal  requests. 

3.1.8  COMPUTER  STATUS  MONITOR  (CSM) 

Identical  CSMs  provide  a redundant  capability  to  sense  an  OBC  anomaly.  Figure 
3.1-7  shows  the  functional  block  diagram.  The  OBC  continuously  sends  a series  of 
pulses  at  1 second  Intervals  Is  received  by  the  CSM.  Interruption  of  three 
consecutive  discrete  command  pulse  trains  will  cause  the  CSM  interval  timer  to 
"time  out”.  And  as  a result  of  this  "time  out”  the  CSM  generates  an  internal 
Safehold  bilevel  logic  signal.  This  logic  signal  generates  a Safehold  "ON" 
logic  signal  if  a CSM  Inhibit  discrete  command  has  not  been  received  by  the 
corresponding  CSM.  A Safehold  ON  logic  signal  will  be  generated  by  either  CSM 
if  the  following  sequence  of  events  has  transpired: 

1.  A corresponding  ACS  Enable  has  been  received. 

2.  A corresponding  CSM  Inhibit  C discrete  command  has  not  been  received 
(A  CSM  Enable  discrete  command  will  reset  the  CSM). 

3.  The  corresponding  OBC  pulse  train  has  been  interrupted  for  three 
consecutive  commands. 

When  a safehold  "ON”  logic  signal  is  generated,  power  is  switched  to  the 
dedicated  Safehold  Electronics  (SHE)  of  the  powered  ACE  and  the  MACS  Is 
transferred  from  the  Computer  Mode  to  the  Safehold  Mode. 

The  CSM  Timer  is  reset  upon  the  receipt  of  a CSM  Inhibit  discrete  command.  If 
valid  CSM  pulse  trains  are  present  (no  CSM  time  outs),  the  Safehold  OFF  discrete 
command  can  be  issued  and  the  MACS  will  return  to  the  Computer  Mode. 

The  ACE  turns  on  in  the  Computer  Mode  whether  from  the  initial  application  of 
MPS  power  or  when  switching  between  ACE  blocks.  The  CSM  logic  is  volatile  and 
the  effects  of  any  previous  commands  will  be  ignored. 

3.1.9  ATTITUDE  CONTROL  ELECTRONICS  (ACE) 

The  ACS  contains  the  electronics  required  to  drive  the  Reaction  Wheel  and/or  the 
Magnetic  Torquer.  The  ACE  also  includes  the  safehold  electronics  which  can, 
without  the  use  of  the  On-Board  Computer,  perform  the  analog  functions  required 
to  maintain  the  spacecraft  on  a safe  orbit.  See  Paragraph  3.3.2  for  a 
description  of  the  safehold  mode.  As  shown  In  Figure  3.1-8,  the  ACE  includes  the 
following  functional  blocks: 
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Figure  3.1-7.  Computer  Status  Monitor  "A"/NB"  Functional  Block  Diagram 
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!•  Interface  electronics  provide  Interface  with  the  MACS  sensors  and  the 
C&DH  module  (RIU  2A  and  2B). 

2.  Control  Logic  and  Timing  in  the  RIU  interface. 

3.  IRU  and  Wheel  Tachometer  Data  Processor  processes  the  wheel  tach 

pulses  and  supplies  wheel  speed  data  to  the  RIU  (OBC)  and  to  the 

safehold  electronics. 

4.  Safehold  Electronics  inputs  analog  sensor  signals,  computes  analog 

error  signals  and  generates  logic  commands  to  control  the  three  axis 
of  the  spacecraft.  The  SHE  also  includes  the  control  logic  that 
unloads  the  momentum  of  the  four  SRWs. 

5.  Drive  Signal  Processor  decodes  the  OBC  drive  cmds,  the  SHF  wheel  cmds 
and  the  torquer  bar  drive  cmds.  It  also  provides  the  drive  signals 
for  the  SRW  and/or  the  Magnetic  Torquers. 

6.  Wheel  Drive  Electronics  contains  the  drive  for  each  of  the  four  SRWs. 

7.  Magnetic  Torquer  Bar  Drive  Electronics  contains  the  drive  for  the 

magnetic  torquers.  The  torquers  on  the  x and  y-axis  have  two 
independent  windings  and  the  z~axis  has  two  independent  torquer  bars. 
The  torquer  bar  drive  electronics  contains  an  independent  drive  for 
each  of  the  independent  windings.  See  Figure  3-5. 

8.  Magnetometer  Data  Compensation  block  corrects  the  TAM  signals  for  the 

magnetic  fields  produced  by  the  magnetic  torquer  drive  currents. 

3.1.10  IRU  POSITION  - TACHOMETER  PROCESSOR  (IT?) 

The  I TP  consists  of  six  24-bit  registers  for  gyro  data,  six  8-bit  gyro  bias 
registers,  four  16-bit  registers  for  wheel  speed  data  and  associated  D/A 

converters  to  transfer  the  digital  data  to  analog  for  input  to  the  SHE. 

The  six  gyro  registers  are  24  bit  up-down  counters.  There  is  one  per  gyro 

channel.  The  registers  then  contain  the  integrated  position  derived  from  IRU  A 0 
data  obtained  once  every  64  milliseconds.  The  shuttle  retrieval  on  command  will 
reset  these  registers  to  all  zeros.  The  six  8-bit  bias  registers  are  used  to 
compensate  the  position  data  for  use  in  the  SHF  analog  circuit  only.  This  bias 
is  not  subtracted  from  the  OBC  data  output ed  from  the  ITP.  These  6-bias 
registers  are  set  by  ground  command.  It  should  be  noted  that  the  ITP  gyro 
registers  will  always  be  in  the  high  rate  scale  (.8  sec  per  count)  when  used  in 
conjunction  with  SHE. 
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Each  SRW  has  2 tachs.  Tach  A .1.3  dedicated  to  ACE  A and  Tack  B to  ACE  B.  The 
tachs  provide  a series  of  type  01  and  type  02  pulses  to  the  ITP.  The  order,  or 
phasing  of  the  01  arid  02  pulses  determines  the  wheel  speed  polarity.  The  number 
of  pulse  pairs  per  cycle  yields  the  wheel  speed.  The  tach  pulse  pairs  are 
accumulated  algebraically  over  a time  interval  providing  a wheel  speed  and 
polarity  for  that  interval.  When  the  pulses  are  read  the  ITP  registers  are 
zeroed  and  a new  number  is  accumulated  each  cycle. 

3.1.11  FINE  SUN  SENSOR  (FSS) 

The  FSS  yields  2-axis  analog  and  digital  position  data  from  a +32  degree  square 
field  of  view.  The  error  signals  are  measured  with  respect  to  the  FSS  axes  and 
transformed  to  the  spacecraft  axes  in  the  ACE.  The  telemetry  and  OBC  inputs  are 
errors  with  respect  to  the  FSS  axes.  The  FSS  is  a non-redundant  digital  sensor 
with  course  and  fine  outputs.  A functional  block  diagram  is  provided  in  Figure 
3.1-9.  FSS  operation  is  primarily  for  the  Computer  mode.  The  output  of  the  FSS 
is  random  until  a sun  presence  is  indicated.  FSS  analog  outputs  are  provided  to 
the  ACE  whenever  the  FSS  is  powered.  The  analog  outputs, which  can  serve  as  a 
backup  to  a failed  CSS  for  Safehold  mode  operation.  However,  since  these 
outputs  are  random  with  no  sun  in  the  FOV  of  the  sensor,  they  must  not  be 
employed  unless  Sun  Presence  in  indicated.  , . 

3.1.12  EARTH  SENSOR  ASSEMBLY  MODULE  (ESAM) 


The  Earth  Sensor  Assembly  Module  is  mounted  on  the  instrument  Module  (IM). 
Although  both  earth  sensors  are  identical,  one  earth  sensor  (designated  ESA  1) 
is  mounted  to  the  spacecraft  with  its  scanner  bores ight  axis  in  the  X-Z  plane, 
tilted  down  24  degrees  from  che  -X  axis.  The  second  earth  sensor  (designated 
ESA  2)  is  mounted  with  its  scanner  bores ight  in  the  spacecraft  Y-Z  plane,  titled 
down  24  degrees  from  the  +Y  axis.  Knowledge  of  the  alignment  is  +0 . 1 degree. 
The  signal  interface  between  the  ESAM  and  the  MACS  is  through  the  ACE  interface 
electronics  to  the  Safehold  electronics.  The  ESA  provides  an  E and  H channel 
error  for  each  earth  sensor.  These  errors  are  then  processed  either  in  the  OBC 
or  safehold  electronics  to  obtain  roll  and  pitch  errors.  The  mounting 
orientation  for  ESA  1 is: 


and  for  ESA  2 : 


+Pitch 

-E 

+Roll 

-H 

d-Pitch 

d-H 

•fRoil 

~E 

The  MACS  also  uses  the  roll  error  signal  to  determine  the  roll  rate  which  is 
than  used  to  determine  the  yaw  position  error.  The  ESAM  outputs  are  used  by  the 
M/ CS  in  both  the  safehold  mode  and  the  computer  mode.  Earth  Sensor  (ES)1  outputs 
a/e  dedicated  to  ACE  A and  ES2  outputs  to  ACE  B.  An  ESA/ ACS  signal  interface 
diagram  is  provided  in  Figure  3.1-10. 
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Also  out  put  ed.  is  an  invalid  earth  signal  and  a sun  presence  signal#  A valid 
earth  signal  must  meet  the  following  two  conditions: 

1.  Both  the  leading  and  trailing  edges  are  within  the  unblanked  region. 

2.  The  leading  edge  (cold  to  hot  transition)  must  proceed  the  trailing 
edge  (hot  to  cold  transition). 

If  either  condition  fails,  the  earth  sensor  output  is  clamped  to  2.5  volts  (2.5 
volts  —>  zero  error).  One  scan  with  an  invalid  earth  is  sufficient  to  set  the 
errors  to  zero.  Two  successive  scans  with  a valid  earth  are  required  before 
normal  operation  continues.  Sun  presence  is  detected  by: 

1.  More  than  one  hot  to  cold  then  cold  to  hot  transition  in  1 cycle. 

2.  The  time  between  temperature  transitions  is  larger  than  the  allowable 
tolerance. 

If  a sun  presence  Is  detected,  the  earth  sensor  will  clamp  the  last  "good4*  state 
until  no  sun  presence  is  indicated. 

The  ESAM  is  made  up  of  the  following  functional  blocks: 

1*  Heater  Control 

2.  Power  Supply /Motor  Driver  Assembly 

3.  Earth  Sensor  Scanner 

4.  Signal  Processor 

5.  H Processing 

6.  E Processing 

3.2  PERFORMANCE  CAPABILITIES 

The  MACS  can  operate  in  either  the  Computer  Mode  or  the  Safehold  Mode.  The 
Computer  Mode  is  the  mode  used  for  on-orbit  fine  pointing,  orbit  adjust  and 
orbit  transfer.  The  OBC  reads  sensor  data,  computes  error  data  (closed  loop) 
and  issues  commands  to  control  the  actuators.  The  sensors  include  ■ the  Earth 
Sensor  located  on  the  Instrument  Module  (IM),  Fine  Sun  Sensor  (FSS) 9 the 
Inertial  Reference  Unit  and  the  Fixed  Head  Star  Trackers.  Table  3.2-1  shows  the 
expected  pointing  accuracy  for  three  spacecraft  missions.  (Earth  pointing 
accuracy  of  *K).3  degrees  with  the  earth  sensors.) 
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Upon  transition  to  the  Saf ahold  Mode,  the  Safehold  Electronics  shall  fora  closed 
control  loops  about  each  of  the  three  MACS  coordinate  reference  axis.  The  yaw 
axes,  controlled  by  the  1RU  t 11  axis  rate  gyro,  shall  be  stabilised  to  within 

40..  1 degree/secoad.  The  Ear  :h  Sensor  provides  sensor  data  about  the  pitch  and 

roll  axes  with  the  spacecraft  stabilised  to  within  410  degrees. 

3 .3  MODES  OF  OPERATION 

The  MACS  can  operate  in  any  one  of  the  following  modes: 

1.  COMPUTER  MODE:  The  computer  mode  is  the  isode  used  for  on  orbit  fine 

pointing  and  for  orbit  adjust.  In  this  mode,  the  On-Board  Computer 
software  controls  the  sensor  and  actuators,  as  required,  to  maintain 
the  attitude  and/or  orbit  of  the  spacecraft.  The  OBC  information  from 
the  appropriate  sensors  computes  the  error  in  attitude  and  issues 
commands  to  the  actuators.  The.  actuators  create  the  torques  and/or 
thrusts  that  control  the  spacecraft. 

2.  SAFEHOLD  MODE:  The  safehold  mode  is  entered  to  maintain  the 

spacecraft  on  orbit  in  a safe  attitude.  This  mode  does  not  require 

the  use  of  the  Cn-Board  Computer. 

3.3.X  COMPUTER  MODE 

The  Remote  Interface  Unit  (RIU)  transfers  information  between  the  OBC  and  the 
MACS  components.  The  OBC  software,  via  the  RIU,  requests  information  from 
appropriate  sensors,  performs  specified  computations  and  issues,  via  the  RIU* 
commands  to  the  specified  K MS  subsystem.  The  functions  performed  while  in  the 
computer  mode  are  controlled  by  the  GBC  software.  Table  3.3-1  shows  the 
available  MACS  Operational  Function  that  can  be  performed  while  in  the  Computer 
Mode. 


3-30 


LSU-WPC-263 


ORIGINAL  PAGE  fu 
OF  POOR  QUALITY 


SVS-10266 
31  December  1981 


Table  3.3-1.  MACS  Operational  Mode®  (Functions) 


Mode 

Sensors 

Actuators 

Description 

Local 

Vertical  (LV) 
Acquisition 

IRU, 

ESA, 

TAM 

Reaction 
Wheels , Torquers 

Upon  separation;  will  acq  lire 
local  vertical*  Reduces 
position  and  rate  errors  in 
roll  and  pitch  (Mode**!) 

Yaw 

Acquisition 

IRU,ESA, 

TAM 

Reaction  Wheels, 
Torquers 

Follows  LV  acquisition; 
reduces  position  and  rate 
errors  in  yaw*  (Mode®2) 

Stellar 

Acquisition 

IRU,  Star 

Tracker, 

FSS,ESA 

Reaction  Wheels, 
Torquers 

Follows  Yaw  Acquisition-  For 
low  orbit  altitude  missions 
uses  FSS  and  magnetometer  data 
to  compute  initial  Inertial 
attitude.  Uses  IRU  and  star 
tracker  data  to  refine 
Inertial  attitude 
determination*  (Mode«3) 

Orbit 

Adjust 

IRU 

Thrusters 

Uses  IRU  data  and  thrusters  to 
hold  LV  pointing  during  orbit 
adjust  burn.  Low  level 
thrusters  used  for  roll 
control,  high  level  thrusters 
modulated  on/off  for  pitch 
and  yaw  control.  (Mode®?) 

Earth 

Pointing 

IRU, Star 
Tracker, 
FSS,TAM 

Reaction  Wheels, 
Torquers 

Uses  IRU  and  star  tracker  data 
for  precision  earth  pointing. 
Requires  high  accuracy 
spacecraft  ephemeris  data  to 
achieve  desired  pointing 
accuracy.  (Modera4) 
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3.3.2  SAFEHOLD  MODE 

Attitude  control  using  the  Safehold  Mode  does  net  use  the  On- Beard  Computer. 
Sat 'hold  is  used  to  hold  the  spacecraft  in  a safe  attitude  (+Z  axis  to  within  5° 
of  local  vertical)  during  the  time  that  the  OBC  is  not  available,  when  it  is  not 
logical  to  use  the  OBC  or  the  OBC  onboard  failure  detection  logic  has  issued  an 
automatic  Safehold  condition. 

For  the  ground  commanded  Safehold  configuration,  serial  magnitude  commands  from 
the  ground  select  the  sensors  and  the  actuators  to  be  used  while  in  the  Safehold 
Mode.  Operation  in  this  mode  requires  the  IRU  and  the  Three  Axis  Magnetometer 
(TAM)  bias  values  to  have  been  uploaded  to  compensate  for  IRU  drift  and  for  the 
residual  magnetic  fields  created  by  the  spacecraft.  Paragraph  3.6  describes  the 
commands  and  the  format  for  uploading  the  needed  values. 

In  the  transition  to  the  Safehold  Mode,  the  control  of  the  actuators  is 
transferred  from  the  OBC  to  the  Safehold  Electronics  (SHE).  The  SHE  forms 
closed  control  loops  about  the  three  MACS  axes.  The  control  loops  input  analog 
signals  from  the  selected  sensors  (ES  and  IRU  roll  axis  rate  gyro),  computes  the 
error  signals  and  generates  the  logic  to  drive  the  actuator  to  correct  the 
attitude  errors.  The  #,IRU  and  Wheel  Tachometer  Data  Processor"  determines  the 
SRW  wheel  speeds  and  when  required,  the  SHE  generates  the  logic  to  drive  the 
actuators  (Magnetic  Torquers  and/or  Thrusters)  to  unload  the  SRWs.  Thruster 
unloading  is  an  option  to  be  exercised  if  and  only  if  a magnetic  torquer  fails. 
If  a pitch  torquer  fails,  thruster  unloading  in  that  axis  will  be  required.  If 
the  roll,  pitch,  and  yaw  SRW's  are  powered  the  Safehold  Elect rentes  (SHE)  will 
not  drive  the  skew  wheel  even  if  it  is  powered.  If,  however,  either  of  the 
roll,  pitch,  or  yaw  SRW's  is  powered  off  the  SHE  will  substitute  the  skew  wheel 
for  the  off  powered  wheel  providing  the  skew  wheel  is  powered.  When  the  skew 
wheel  replaces  one  of  the  primary  wheels  the  SHE  will  compensate  the  Drive 
Electronics  of  the  remaining  channels  for  the  effect  of  the  skew  wheel. 

The  MACS  switches  to  the  Safehold  Mode  upon  receipt  of  the  appropriate  Discrete 
Command  or  when  the  Computer  Status  Module  (CSM)  detects  an  OBC  anomaly  and 
issues  a command  to  transfer  to  the  Safehold  Mode. 

Upon  transition  to  Safehold,  the  selected  ACE/SHE  is  automatically  powered  and 
ccntrol  of  the  selected  actuators  switched  to  the  SHE. 

^he  three  axes  control  loops  are  activated  to  stabilize  the  spacecraft  about  the 
three  control  axes.  The  Earth  Sensor  provides  the  sensors  for  the  pitch  and 
roll  axes  and  stabilizes  the  spacecraft  to  within  +10  degrees.  The  IRU  roll' 
axis  rate  gyro  supplies  the  sensor  signal  for  the  yaw  axis  position  control  loop 
which  stabilize  the  spacecraft  to  within  0.1  degree/ second  about  the  yaw  axis. 
The  sensors  used  for  roll,  pitch,  and  yaw  rate  information  are  IRU  R2 , P2  and 
Y2. 
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The  Safehold  configuration  is  controlled  by  uploading  the  appropriate  Serial 
Magnitude  Commands  which  select  the  sensors  and  actuators  and  also  upload  the 
IRU  and  TAM  bias  values  needed  to  correct  for  gyro  drift  and  for  magnetic  fields 
created  by  the  spacecraft*  Discrete  Commands  control  the  power  to  some  MACS 
components  and  these  commands  must  be  consistent  with  the  sensor  and/or 
actuators  selected  by  SM  commands*  The  required  commands  must  be  uploaded 
before  the  MACS  can  be  placed  in  Safehold. 

Upon  entry  into  Safehold,  the  MACS  sends  logic  signals  to  the  , Solar  Array  Drive 
and  to  the  Propulsion  Subsystems.  Control  logic  signals  to  the  Propulsion 
Subsystem  low  level  thrusters  to  provide  spacecraft  control  torques  are 
available  upon  command  or  immediately  if  commanded  on  prior  to  transfer  to 
Safehold.  The  Solar  Array  Drive  indexes  at  one  revolution  per  orbit.  The  Solar 
Array  maintains  the  initial  sun  line  angle.  The  Reaction  Wheels  are  the  desired 
(selected  by  SM  Command)  actuators.  The  ACE  which  includes  an  IRU  and  Wheel 
Tachometer  Data  Processor  reads  the  Wheel  TACH  pulses  and  then  the  SHE  may  issue 
actuator  commands  which  induce  disturbance  torques  created  by  the  magnetic 
torquers  which  when  corrected  by  the  SRWs,  will  unload  the  wheels.  Either  (or 
both)  the  Magnetic  Torquers  or  the  thrusters  can  be  selectd  to  unload  the 
wheels*  When  the  Magnetic  Torquers  are  selected,  the  SHE  reads  the  Three  Axis 
Magnetometer  data  and  determines  the  Torquer  Dx*lve  currents  needed  to  unload  the 
wheels . 

In  the  case  where  the  onboard  Failure  Detection  and  Correction  (FDC)  logic 
initiates  the  Safehold  mode,  the  OBC  will  provide  current  serial  magnitude  data 
to  the  SHE  registers  for  Safehold  execution.  These  data  will  be  transmitted  to 
the  SHE  as  part  of  two  possible  onboard  command  tables,  selected  by  the  OBC  as 
due  to  a fault  detection  and  the  resultant  configuration  determined  by  software 
logic.  The  FDC  logic  will  cause  entry  to  either  an  earth-pointing  So.frV.^ld  mode 
using  earth  sensors  and  gyro  compassing  or  an  inertial  hold  mode  t IRU"s. 

The  activators  are  the  SRW's.  One  table  defines  a sequence  of  commands  to  go  to 
Safehold  using  ACE  A,  and  the  other  using  ACE  B.  Twelve  possible  hardware 
configurations  can  be  defined  by  the  onboard  logic  and  are  shown  in  Figure 
3.3-1.  In  order  to  provide  positive  control  over  the  fault  detection  logic,  the 
software  must  be  re-initiated  via  ground  command  after  execution,  thereby 
allowing  only  one  shot  correction  to  an  anomoly. 
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TABLE  1 (ON-BOARD  LOGIC) 

CONFIGURATION  & OPTIONS 

EQUIPMENT  STATUS 

ON 

OFF 

ACE  A/ES  1 

ACE  B/ES  2 

RIU  2B 

RIU  2A 

TAM  1 

TAM  2 

ACE  A&B  SEP  SIG  OVRD 

THRUSTERS  & PME 

ROLL,  PITCH  & YAW  TORQUER  A 

ROLL,  PITCH  & YAW  TORQUER  B 

SAFE  HOLD  ACE  A 

IRU  CH  A/B/C  HIGH  RATE 

1 1 — 

OPTIONS  SRW  ENABLE  & POWER 

ROLL  i PITCHl  YAW  I SKEW 


IRU  GYRO  RATE  SENSOR 


ROLL  PITCH  YAW 


ITP  1 POSITION  DATA 


ROLL  PITCH  YAW 


EQUIPMENT  STATUS 


TABLE  2 (ON-BOARD  LOGIC)  CONFIGURATION  & OPTIONS 


ACE  B/ES2 
RIU  2A 
TAM  1 

ACE  A&B  SEP  SIG  OVRD 
ROLL,  PITCH  & YAW  TORQUER  A 
ROLL,  PITCH  & YAW  TORQUER  B 
SAFE  HOLD  ACE  B 
IRU  CH  A/B/C  HIGH  RATE 


ACE  A/ESI 
RIU  2B 
TAM  2 

THRUSTERS  & PME 


OPTIONS 


SRW  ENABLE  & POWER 


PITCH 

YAW 

On 

On 

- 

On 

On 

- 

On 

On 

IRU  GYRO  RATE  SENSOR 


ROLL  I PITCH  YAW 


ITP  1 POSITION  DATA 
ROLL  i PITCH  TyAW 


Figure  3.3-1.  MAC'S  Safehold  Conf iguration  (Software  Control) 
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3 *4  MODULAR  ATTITUDE  CONTROL  SUBSYSTEM  (MACS)  CONSTRAINTS 


3.4.1  MACS  INITIALIZATION  CONSTRAINTS 

1.  If  the  OBC  pulse  train  is  not  initiated  immediately  after  MPS  power 

turn-on  to  the  MACS,  causing  one  or  both  ACE  CSM  timers  to  “time  out", 
the  following  commands  should  be  performed  to  reset  the  ACE  CSM  timer 
after  the  OBC  pulse  train  is  established: 

SEND  0205  CSM  INHIBIT  TO  ACE  A 
SEND  0206  CSM  INHIBIT  TO  ACE  B 

and  when  the  ACE  CSM  Timer  does  not  time  out  Z 3 seconds): 

SEND  0208  CSM  ENABLE  TO  ACE  A 
SEND  0210  CSM  ENABLE  TO  ACE  B 

2.  The  selected  ACE  block  comes  on  line  in  the  Computer  Mode  at  power 

turn  ON,  with  its  SM  command  registers  initialized  to  all  l^s  or 

maximum  signal.  For  this  reason  Wheel  Drive  and  Magnetic  Torquer 
Driver  SM  commands  of  zero  or  other  desired  values  must  be  issued 
before  the  Wheel  and  Magnetic  Torquer  drives  are  enabled.  Doth  wheels 

and  magnetic  torquers  are  disabled  by  Launch  Mode  and  by  their 

respective  power  OFF  commands. 

3.  The  ACE  TAM  Bias,  Magnetic  Torquer  Bias  and  IRU  Rate  Bias  SM  command 
registers  must  be  initialized  prior  to  their  use  by  the  MACS  in  the 
Safehold  Mode.  Therefore,  it  is  recommended  that  SM  commands  of  zero 
or  the  desired  value  be  entered  into  their  respective  ACE  block 
storage  registers  as  soon  as  possible  after  power  turn  ON  to  that  ACE 
block. 

4.  Inhibit  the  MACS  CSM  to  prevent  switching  to  the  Safehold  mode  when 
commanding  the  MACS  out  of  the  launch  mode  if  the  OBC  is  not  running. 

NOTE:  If  computer  is  on  and  functioning,  the  system  will  not  go  to 

Safehold. 
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3.4,2  MACS  TELEMETRY  CONSTRAINTS 

1.  The  following  MACS  telemetry  is  unavailable  as  a function  of 

Computer/ Safehold  Modes: 

a.  Computer  Mode 

(1)  TACH  and  IRU  Position  Analog  Telemetry  not  available 

(2)  TAM  Compensated  Signal  Analog  Telemetry  not  available 

(3)  FSS  POSN  SDD  is  not  valid  until  the  FSS  is  powered  and  Sun 
Acquired  as  indicated  by  a logic  1 in  the  Sun  Presence  bit 

(4)  IRU  POSN  SDD  only  available  from  the  OBC  via  the  C&DH  RIU 

(5)  TACH  POSN  SDD  only  available  from  the  OBC  via  the  C&DH  RIU 

(6)  The  FHST  POSN  SDD  and  Star  Intensity  Analog  Telemetry  is  not 
valid  until  the  FHST  is  powered  and  star  acquired,  as 
indicated  by  a logic  "1"  in  the  STAR  PRESENT  bit 

b • Safehold  Mode/OEC  Not  Operational 

(1)  TACH  SDD  not  available 

(2)  IRU  POSN  SDD  not  available 

(3)  FSS  POSN  SDD  is  not  valid  until  the  FSS  is  powered  and  sun 
acquired  as  indicated  by  a logic  "l"  in  the  Sun  Presence  bit 

c • Safehold  Mode/OBC  Operational 

(1)  TACH  SDD  not  available 

(2)  IRU  POSN  SDD  only  available  from  the  OBC  via  the  C&DH  RIU 

(3)  FSS  POSN  SDD  is  not  valid  until  the  FSS  is  powered  and  the 
sun  acquired  as  indicated  by  logic  "1”  in  the  Sun  Presence 
bit. 

2.  When  an  RIU/EU  is  powered  in  the  STDBY  2 mode,  temperature  telemetry 
is  available  from  the  PSU,  ACE,  IRU,  SRWs,  FSS  and  the  optical  bench 
regardless  of  the  power  statue  of  these  components. 

3.  Valid  IRU  Motor  Current,  and  Regulated  Voltage  analog  telemetry  is 
available  only  when  the  designated  IRU  channel  is  powered. 
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4.  Valid  ACE  serial  digital  data  is  available  only  from  the  powered  ACE 
block* 

5*  Valid  ACE  standard  reaction  wheel  taclv,  inertial  reference  unit 
position  and  three  axis  magnetometer  compensated  analog  telemetry  is 
available  only  from  the  powered  ACE  safehold  electronics  block. 

6.  The  4 Hz  Presence  SDD  telemetry  provides  an  indirect  measure  of  the 
status  of  the  RIU  1.024  MHz  clock.  Since  the  telemetry  bit  is  derived 
by  ACE  logic  from  the  computer  pulse  train  (CPT)  and  the  ACE  4 Hz 
clock,  that  is,  counted  down  from  the  1.024  MHz  clock  it  receives  from 
the  RIU,  its  performance  and  certain  limitations  must  be  understood 
for  its  effective  use.  These  are  best  defined  by  the  following  signal 
combinations : 


LAUNCH  MODE(LM) 

4 Hz  SIGNAL 

CPT  SIGNAL 

4 Hz  PRESENCE 

STATUS 

STATUS 

STATUS 

SDD  TLM 

ER 

4 Hz 

X 

1 

EH 

5 Hz 

CPT 

0 

EH 

2THZ 

CPT 

? 

LM 

X 

CPT 

0 

LM 

X 

CPT 

? 

where  X Denotes  Do 

Not  Care  and  ? denotes 

indeterminate 

Once  out  of  launch  mode  (LM)89,  a valid  1.024  MHz  clock  signal 
produces  a logic  "1"  4 Hz  Presence  SDD  telemetry  bit.  A failure  of 
the  1.024  MHz  clock  produces  a logic  "0"  4 Hz  Presence  SDD  telemetry 
bit,  provided  the  CPT  is  present.  When  the  MACS  is  out  of  the  launch 
mode  and  should  both  the  1.024  MHz  clock  and  CPT  fail  at  the  same 
time,  the  4 Hz  SDD  output  would  be  indeterminate.  However,  in  this 
event,  the  MACS  will  switch  to  the  Safehold  Mode  and  anomalous 
performance  indications  from  other  telemetry  will  indicate  the  health 
of  the  1.024  MHz  clock.  Verification  of  the  1.024  MHz  RIU  A and  RIU  B 
clock  signals  in  launch  mode  requires  the  use  of  the  Separation  Signal 
Override  ON  and  Separation  Signal  Override  OFF  Commands. 

3.4.3  MACS  COMMAND  CONSTRAINTS 

1.  The  "separation  signal  override  OFF  discrete  command  to  ACE  A"  can 
only  be  issued  via  RIU  A and  the  "separation  signal  override  discrete 
command  to  ACE  B"  can  only  be  issued  via  RIU  §. 
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2*  There  is  no  shuttle  retrieved  OFF  discrete  commend*  This  function  is 
accomplished  by  the  corresponding  SAFEHOLD  OFF  discrete  command. 

3.  Magnetic  Torquer  Bias  Commands  and  TAM  Bias  Commands  may  be  entered 
into  the  appropriate  storage  registers  during  operation  in  either  the 
computer  or  Safehold  modes  but  they  are  effective  only  during 
safehold. 

4.  Switching  from  ACE  A to  ACE  B and  then  back  to  ACE  A in  1 minute  is 
prohibited  because  of  potential  power  converter  damage  (also,  from  ACE 
B to  ACE  A). 

5.  Commanding  Low  Rate  mode  for  any  IRU  channel  in  less  than  45  seconds 
after  power  turn  on  (of  that  channel)  may  cause  it  not  to  respond* 

6.  The  reaction  wheel  enable  telemetry  reflects  the  combined  status  of 
the  wheel  ON  command  and  the  separation  switch- 

3.4.4  MACS  TEMPERATURE  CONSTRAINTS 


1.  If  mission  analysis  predicts  indicate  low  optical  bench  and  FHST 
bracket  temperatures  prior  to  FHST  Power  Turn  ON,  send  the  following 
commands: 


SEND  0241  FHST  2 HEATER  PWR  ON 
SEND  0242  FHST  1 HEATER  PWR  ON 


2.  The  MACS  Group  1,  Group  2 and  Group  3 Heater  power  must  be  commanded 
ON  to  allow  the  thermal  control  thermostats  to  control  current  to 
their  corresponding  heaters  at  low  environmental  temperatures. 


3.  The  MACS  component  operating  temperature  limits  as  provided  by 
internal  temperature  sensors  and  readout  on  analog  telemetry  are  as 
follows : 


Standard  Reaction  Wheels  (SRW) 
Power  Switching  Unit  (PSU) 

Fine  Sun  Sensor  (FSS) 

Remote  Interface  Unit  (RIU) 

IRU  CH  A,  B,  C 

Fixed  Head  Star  Tracker  (FKST) 


-lOoc  to  65°C 
~10oc  to  55°C 
~10°C  to  55°C 
“10°C  to  60°C 
0°c  to  65°C 
~ 50C  to  60°C 
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Attitude  Control  Elec  (ACE)  -lOo^  to  6o°C 

Optical  Bench  to  />5°q 

4 . During  mission  normal  operating  modes,  the  fixed  head  star  tracker 
(FHST)  heater  power  must  be  commanded  OFF  when  FHST  power  is  commanded 
ON  to  avoid  FHST  over  temperature  condition-  When  the  FHST  power  is 
OFF,  the  FHST  heater  power  must  be  commanded  ON  to  provide  FHST  heater 
control  * 

5.  FHST  Heater  circuits  are  thermostatically  controlled  to  turn  OFF  at 

however,  during  periods  when  a FHST  Heater  is  ON,  the 

corresponding  tracker  must  be  commanded  ON  periodically  for  brief 
periods  (less  than  a minute)  to  monitor  the  FHST  temperature,  since 
the  FHST  analog  telemetry  is  derived  from  active  circuits  within  the 
tracker. 

3.4.5  MACS  PRESSURE  CONSTRAINTS 

Not  Applicable 

3.4.6  MACS  VIEWING  CONSTRAINTS 

1.  Maximum,  linear  range  of  the  FSS  is  +32  degrees  relative  to  its 

reference  frame. 

2.  FHST  maximum  FOV  is  8 degrees  TFOV  or  1.25  degrees  square  for  RFOV 

(reduced  FOV). 

3.  FHST  FOV  is  blocked  by  a shutter  whenever  the  sun  or  earth  limb  comes 

within  28  degrees  or  17*5  degrees  respectively  of  Its  optical  axis. 

4.  CSS  linear  FOV  is  +25  degrees  and  saturates  at  +25.6  degrees.  In  a 

saturated  condition,  0 VDC  (0  counts)  indicates  a negative  spacecraft 
rotation  from  CSS  null  aid  5.12  VDC  (255  count)  for  positive  rotation 

- from  CSS  null.  CSS  TFOV  Is  -180  to  +180  degrees. 

3.4.7  MACS  OPERATING  MODE  CONSTRAINTS 

1.  If  thrusters  are  employed  for  sun  acquisition,  the  wheel  power  ON 

Co.  ^ands  may  be  delayed  until  after  sun  acquisition,  but  the  following 

Scfehold  thruster  control  enable  signal  must  be  sent  as  a contingency: 

SEND  0274  (010263  OCTAL)  THRUSTER  CONTROL  ACE  A SDD  BIT  17 

2.  If  thrusters  are  employed  for  sun  acquisition,  the  magnetic  torquer 

power  ON  Commands  may  be  delayed  until  the  wheel  power  ON  commands  are 
issued. 
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3c  During  launch  spacecraft  rates  are  limited  by  the  IRU  survival  rate 
limit  of  600  degrees  per  second  for  a duration  of  20  minutes  maximum* 
Spacecraft  rates  for  MACS  attitude  control  must  be  limited  to  2 
degrees  per  second,  to  provide  a useful  output  for  initial  acquisition 
or  reacquisition  of  spacecraft  reference,  due  to  the  limited 
operational  range  of  the  IRU  High  Rate  Range* 

4.  During  normal  operating  modes,  with  the  MACS  operating  in  Computer 

Mode  and  the  DRIRJU  in  the  Low  Rate  Range,  spacecraft  rates  must  be 
limited  to  0.11  degrees  per  second  to  stay  within  the  linear  range  of 
the  IRU  POSH  output. 

5.  Before  switching  RIUs  and  still  remain  in  the  computer  mode,  insure 

that  the  pulse  train  is  being  sent  to  the  RIU  to  be  turned  on  prior  to 
turning  it  on,  as  well  as  sending  it  to  the  RIU  presently  in  use. 

6.  MPS  power  is  provided  to  only  one  ACE  block  at  a time.  When  out  of 

the  launch  mode  and  ACE  needs  to  be  switched,  power  to  the  SRWs  and 
Magnetic  Torquers  must  be  turned  OFF  just  prior  to  switching  ACEs  and 
the  initialization  command  executed  immediately  following  switching  to 
the  redundant  ACE  block*  Power  to  the  SRWs  and  Magnetic  Torquers  are 
then  switched  back  ON. 

7.  Following  flight  segment  separation  from  the  launch  vehicle,  the 

maximum  tip  off  rates  should  not  exceed  .25  degrees  per  second  to 

maintain  nominal  attitude. 

8.  Orbit  Adjust  Mode  Restraints: 

a.  OBC  cycle  time  must  be  set  to  256  ms.,  required  by  ACS  servo  with 

thrusters  in  use.  (280  ms.  max.  ACS  thruster  pulse  time  in  PM-1.) 

b*  PM-1  ACS  pulse  length  of  280  ms.  must  be  selected. 

c.  The  solar  array  must  be  within  +10°  of  the  equatorial  position 
due  to  flexible  body  effects  on  ACS  stability. 

d.  The  maximum  burn  duration  is  10  minutes  due  to  ACS  long  term 
instability. 

e.  Thruster  valves  shall  not  be  opened  downstream  of  a closed  latch 

valve  such  as  to  drain  the  lines  between  the  latch  valves  and  the 

thrusters  because  of  potential  problems  when  the  lines  are 

refilled.  Also  potential  problems  with  the  latch  valves  could 
result.  If  thrusters  ate  preselected  for  safehold  then  latch 
valves  should  be  opened. 
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f • The  ACS  mode  to  be  entered  upon  completion  of  the  orbit  adjust 
mode  must  be  entered  (commanded)  as  part  of  the  orbit  adjust 
data.  Appropriate  flags  must  be  set  in  the  CBC. 

g*  PH—1  must  be  configured  for  orbit  adjusts*  PHE  enabled,  latch 
valve  positions,  etc. 

3.4.8  MACS  SAFEHOLD  RESTRAINTS 

1.  MPS  power  shutdown  to  the  MACS  module  must  always  be  preceded  by 
commanding  OFF  all  MACS  equipment  except  one  RIU/EU  and  one  ACE.  MACS 
turn-off  commands  are  as  follows: 

SWR  Power  OFF  (R,  P,  Y & S) 

Magnetic  Torquers  OFF  (A  & B) 

FSS  OFF 

FHST  OFF  (1  & 2) 

TAM  OFF  (1  .&  2) 

IRU  OFF  (A,  B,  C)- 

MACS  HTR  GRP  OFF  (1,  2 & 3) 

FHST  HTR  OFF  (1  & 2) 

1 ACE  OFF  (A  OR  B) 

1 RIU  OFF  (A  OR  B) 

2.  When  ACE  A is  powered,  TAM  1 is  automatically  enabled  and  it  is 

recommended  that  TAM  I be  powered  and  the  TAM  1 bias  commands  be 
entered  into  the  TAM  bias  storage  registers*  The  same  is  true  of  ACE  B 
and  TAM  2.  Should  the  TAMs  be  switched,  the  TAM  bias  commands  must  be 
updated  * 

3.  When  the  MACS  switches  to  the  SAFEHOLD  mode,  the  CSM  Timer  must  be 

reset  by  the  CSM  inhibit  command  and  the  presence  of  the  proper  CSM 
pulse  train  verified  prior  to  switching  back  to  the  computer  mode. 

4.  The  MACS  serial  magnitude  command  # 4 must  be  sent  to  preselect 

(enable)  the  earth  sensor  and  gyro  compass  inputs  for  safehold 

operation* 

5.  Gyro  drift  during  safehold  for  Rate  Damping  mode  of  the  Flight  Segment 
is  <7.20/hr. 

3.5  REDUNDANCY 


The  MACS  provides  redundancy  for  all  essential  components*  The  redundancy  can 
be  classified  as  one  of  tnree  types  as  follows: 

1 . DEDICATED  is  where  one  redundant  component  is  hardwired  in  a channel 
and  becomes  a fixed  part  of  a redundant  channel - 
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2.  PASSIVE  is  where  either  of  two  redundant  components  can  be  selected  by 
command  for  use  in  a specified  channel* 

3.  ACTIVE  is  where  two  redundant  units  are  cross-strapped  and  either  only 
a selected  unit  is  powered  or  both  units  are  powered  and  active. 

The  MACS  has  two  modes  of  operation  and  each  mode  uses  a combination  of 
components  plus  components  common  to  both  modes-  The  MACS  redundancy  depends 
upon  the  mode  of  operation. 

In  the  Computer  Mode,  the  On-board  Computer  determines  the  MACS  configuration 
and  performs  the  computations  needed  to  control  the  spacecraft.  The  OBC,  under 
software  control,  selects  the  sensors  to  be  used,  and  the  DEC  can  request  data 
from  any  sensor  that  is  powered  ON  which  is  the  equivalent  of  ACTIVE  redundancy. 

■ 

The  Attitude  Control  Electronics  (ACE)  has  dual  channels  (ACE  A/ACE  B)  and  each 
channel  has  a dedicated  Drive  Signal  Processor  that  decodes  the  C&DH  commands 
for  the  Standard  Reaction  Wheels  or  for  the  Magnetic  Torquer  Bars.  The  ACE 
supplies  the  drive  signals  for  the  SRWs  and  for  the  Magnetic  Toruqer  Bars. 

3.5.1  ATTITUDE  CONTROL  ELECTRONICS  (ACE)  REDUNDANCY 

The  MACS  Attitude  Control  Electronics  component  has  redundant  channels:  ACE  A 

and  ACE  B.  And  only  one  channel  can  be  powered  at  any  one  time.  Discrete 
Commands  apply  power  to  the  selected  ACE  as  follows: 

DC  7 ACE  A PWR  ON/ ACE  B PWR  OFF 
DC  61  ACE  B PWR  ON/ACE  A PWR  OFF 

In  the  Computer  Mode,  the  OBC  commands  are  processed  by  the  powered  ACE.  Figure 
3.5-4  shows  the  ACE  redundancy  diagram. 

The  ACE  includes  redundant  Safeho Id  channels  and  each  Safehold  channel  includes 
redundnat  sensors.  Serial  Magnitude  Commands  determine  the  sensors  to  be  used 
in  the  ACE  A or  ACE  B Safehold  Mode.  Figure  3.5-2  shows  the  redundancy  for  the 
ACE  A Safehold  channel.  And  Figure  3.5-3  shows  the  redundancy  diagram  for  the 
ACE  B Safehold  channel. 

The  Safehold  Mode  is  controlled  by  Discrete  Commands  which  must  be  consistent 
with  the  ACE  currently  powered.  The  Safehold  Commands  are  as  follows? 

DC  16  ACE  A SAFEHOLD  ON 
DC  20  ACE  A SAFEHOLD  OFF 
DC  34  ACE  B SAFEHOLD  ON 
DC  36  ACE  B SAFEHOLD  OFF 
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Figure  3.5-4.  Safehold  ACE  Redundancy  Diagram 
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The  Safehold  channel  is  selected  by  the  appropriate  Discrete  Command  which 
constitutes  PASSIVE  redundancy*  Figure  3**12  shows  the  redundancy  diagram  for 
the  ACE  in  the  Safehold  Mode. 

3.5.2  INERTIAL  REFERENCE  UNIT  REDUNDANCY 

The  IRU  contains  three  gyros  which  are  aligned  to  define  three  mutually 
orthogonal  axis.  The  gyros  supply  angular  inertial  rate  sensing  about  the  three 
orthognal  axes  with  redundancy  for  all  three  axes. 

3.5.3  SRW  REDUNDANCY 

The  MAC  contains  one  SRW  mounted  along  each  of  the  three  rectangular  coordinate 
axis  and  one  skew  SRW  mounted  at  equal  angles  from  the  other  three  SRWs.  Each 
SRW  has  a dedicated  drive  electronics  and  the  skew  wheel  can  be  activated  to 
replace  any  single  SRW.  The  SRWs  must  be  powered  ON  by  Discrete  Command.  A 
Serial  Magnitude  Command  selects  the  three  SRWs  to  be  used  by  either  Safehold 
channel.  If  the  skew  wheel  is  selected  instead  of  one  of  the  coordinate  SRWs, 
the  Safehold  Electronics  corrects  for  the  torques  generated  by  the  skew  wheel 
about  the  active  SRW  coordinate  axes. 

The  skew  wheel  provides  ACTIVE  Redundancy  for  a failure  of  one  out  of  three 
coordinate  SRWs. 

3.5.4  MAGNETIC  TORQUER  BAR  REDUNDANCY 

The  X and  Y-axis  magnetic  torquer  bars  each  have  two  separate  and  independent 
windings  and  each  winding  has  a dedicated  Magnetic  Torquer  Drive  Electronics 
channel.  The  z-axis  has  two  independent  Torquer  Bars  with  dedicated  Magnetic 
Torquer  Drive  Electronic  channels.  In  normal  operation  all  six  channels  are 
active. 

In  the  event  one  of  the  dual  channels  (on  the  same  axis)  fails,  the  Magnetic 
Torquer  Drive  changes  the  gain  in  the  remaining  channel  and  the  Magnetic 
Torquers  continue  to  function  with  no  degradation  in  performance.  This  provides 
passive  redundancy  for  each  of  the  three  axis. 

3.5.5  COMPUTER  STATUS  MONITOR  (CSM)  REDUNDANCY 

CSM  A and  CSM  B employ  cross  strapped  power  and  provide  a redundant  capability 
to  sense  an  OBC  anomaly.  The  OBC  sends  pulse  trains  to  both  CSM  A and  CSM  R. 
If  either  or  both  CSM  A or  CSM  B fail  to  receive  three  consecutive  discrete 
command  OBC  pulse  train  inputs,  the  CSM  interval  timer  will  "time  out".  A CSM 
"Time  Out"  Safehold  bilevel  signal  will  generate  a Safehold  ON  logic  signal 
provided  a CSM  Inhibit  discrete  command  has  not  been  received  by  the 
corresponding  CSM. 

The  CSMs  are  ACTIVE  redundant. 
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3.6  MACS./ ESAM  COMMANDS 

Operation  of  the  MACS  is  controlled  utilising  a total  of  70  commands,  of  these, 
64  are  discrete  commands  and  6 are  serial  message  command  words.  Operation  of 
the  ESAM  is  controlled  utilizing  a total  of  10  discrete  commands.  No  serial 
message  commands  are  used  by  the  ESAM. 

The  commands  are  listed  in  Table  3.6-1  through  3.6-3  for  the  MACS  and  ESAM 
commands,  and  are  described  in  Paragraph  3.6.1.  Command  sequences  and 
restraints  are  provided  in  Paragraph  3.6.2  and  3.6.3.  Functional  schematics  of 
command  operation  appear  in  Paragraph  3.6.4. 

3.6.1  COMMAND  DESCRIPTIONS 

3. 6. 1.1  RIU  Selection  Commands 

RIU  2 SELF  STANDBY  1 
RIU  2 SELF  STANDBY  2 

The  selection  of  RIU  2A  or  2B  is  controlled  by  these  two  discrete  commands.  The 
functional  schematic  for  these  commands  is  illustrated  in  Figure  3.6-1.  The 
operation  of  these  commands  Is  identical  for  RIU  A and  B. 

RIU  2 SELF  STANDBY  1 to  RIU  A enables  a pulse  to  one  side  of  a latching  relay, 
closing  it,  connecting  RIU  internal  signal  grounds  to  external  signal  grounds. 
In  this  configuration  the  RIU  is  in  STANDBY  1 mode  as  evidenced  by  MACS  bilevel 
telemetry,  ARIUMATE  « 1.  RIU  2 SELF  STANDBY  2 to  RIU  A elevates  RIU  A to  the 

STANDBY  2 mode,  enabling  its  use  for  command  and  telemetry.  In  addition,  this 
command  enables  a pulse  to  RIU  B,  turning  It  off.  This  prevents  both  RIU's  from 
being  on  simultaneously.  The  telemetry  verification  that  RIU  A is  in  the 
STANDBY  2 mode  is  indicated  by  MACS  bilevel  ARIUID  -■  0. 

The  complement  to  this  series  of  commands  is  to  send  the  same  commands  to  RIU  B, 
resulting  in  RIU  B being  on  in  the  STANDBY  2 mode  and  RIU  A off.  The  telemetry 
verification  that  RIU  B is  in  the  STANDBY  2 mode  is  indicated  by  MACS  bilevel 
ARIUID  - 1.. 
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3 .6 .1 . 2 Separation  Signal  Override  Control 

SEPARATION  SIGNAL  OVERRIDE  ON  TO  ACE  A 
SEPARATION  SIGNAL  OVERRIDE  ON  TO  ACE  B 
SEPARATION  SIGNAL  OVERRIDE  OFF 

The  function  of  these  three  discrete  commands  Is  to  control  the  separation 
signal  override  capability  built  Into  each  ACE,  The  functional  schematics  for 
these  commands  is  Illustrated  in  Figure  3*6* 2.  The  operation,  functional 
schematic,  and  complement  are  identical  for  both  ACE  A and  B commands. 

Separation  signal  override  on  command,  enables  a logic  function  in  the  ACE  which 
overrides  separation  switch  closure.  The  complement  to  the  override  enable 
command  Is  the  off  command  which  pulses  a logic  flip-flop  to  disable  the 
override  function.  Note  that  the  separation  signal  override  off  command  to  ACE 
A must  be  commanded  thru  RIU  A.  Likewise,  the  off  command  to  ACE  B must  be  thru 
RIU  B . 

Telemetry  indication  of  override  state  is  made  via  launch  mode  A and  B telemetry 
points.  A bilevel  I indicates  launch  mode  with  the  override  function  disabled. 

A bilevel  zero  indicates  that  the  override  function  Is  enabled  or  that  the 
separation  switches  are  open* 

3. 6. 1.3  CSH  Fulse  Train  Commands  i 

CSM  PULSE  TRAIN  TO  ACE  A 
CSM  PULSE  TRAIN  TO  ACE  B 

The  function  of  these  two  discrete  commands  is  to  enable  a logic  level  pulse  to 
the  CSM  electronics  thus  simulating  the  presence  of  the  actual  pulse  train  from 
the  OBC.  The  functional  schematic  for  these  commands  is  Illustrated  in  Figure 
3.6-2.  The  operation,  functional  schematic  and  complement  are  identical  for 
both  ACE  A and  B commands. 

To  simulate  the  OBC  pulse  train,  these  commands  must  be  sent  repeatedly.  If 
not,  and  the  CSM  detection  circuit  is  enabled,  a CSM  timeout  will  occur.  There 
are  no  complements  or  telemetry  points  associated  with  these  commands. 


LSD-WPC-263 


3-54 


-M78  OR  JATt 


SVS-10266 
31  December  1S81 


3 -6 . 1 .4  CSM  Control 

CSH  ENABLE  TO  ACE  A 
CSM  ENABLE  TO  ACE  B 
CSM  INHIBIT  TO  ACE  A 
CSM  INHIBIT  TO  ACE  B 

The  function  of  these  four  discrete  commands  is  to  enable  or  inhibit  the 
associated  ACE  A or  B CSM  detection  circuits.  The  functional  schematic  for 
these  commands  is  illustrated  in  Figure  3*£'-2*  The  operation  , functional 
schematic,  telemetry  verification  and  complement  are  identical  for  both  A and  B 
commands • 

ESM  ENABLE  to  ACE  A,  enables  a pulse  to  one  side  of  a logic  flip-flop  setting  it 
to  enable  the  CSM  detection  circuit.  In  this  mode  the  CSM  pulse  train  must  be 
present  to  prevent  a CSM  t imeout  and  automatic  switch  to  safehold.  The 
complement  to  the  enable  command  is  the  CSM  INHIBIT  command.  The  INHIBIT  command 
enables  a pulse  to  the  opposite  side  of  the  logic  flip-flop,  causing  it  to 
reset,  disabling  the  CSM  detection  circuit. 

Telemetry  verification  of  CSM  detection  circuit  enable/inhihi t state  is 
indicated  by  MACS  telemetry  points  AC5MAED  and  ACSMBED  for  ACE  A and  B circuits 
respectively.  A bilevel  zero  in- -fleet**  that  the  circuit  is  enabled,  a bilevel 
one  indicates  inhibited. 

3. 6. 1.5  A—  Pcver  Control 

ACE  A POWER  ON/ACE  B POWER  OFF 
ACE  B POWER  ON/ ACE  A POWER  OFF 

The  function  of  these  two  discrete  commands  is  to  enable  ACE  power.  The 

functional  schematic  for  these  commands  is  illustrated  in  Figure 

ACE  A POWER  ON  enables  a pulse  to  one  coil  of  a latching  relay  causing  it  to 
switch  the  +28  VfiC  power  to  ACE  A,  while  simultaneously  removing  power  from  ACE 
B.  The  compiemen:  is  the  ACE  B POWER  ON  command.  This  command  enables  a pulse 

to  the  opposite  coil  of  the  latching  relay,  causing  it  to  switch  the  +28  VDC 

power  to  ACE  B,  removing  power  from  ACE  A. 

Telemetry  indication  of  ACE  power  statue  is  made  vis  MACS  bilevel  telemetry 
jroint  AAQNBOFF.  A bilevel  one  indicates  ACE  A power  on.  A bilevel  zero 

Indicates  ACE  B power  on. 


3-56 


LSD-WPC-263 


SVS-10266 
31  December  1981 

3. 6. 1.6  Safehold  Control 

ACE  A SAFEHOLD  ON 
ACE  A SAFEHOLD  OFF 
ACE  B SAFEHOLD  ON 
ACE  B SAFEHOLD  OFF 

The  function  of  these  four  discrete  commands  is  to  enable  or  disable  the 
associated  ACE  A or  B safehold  circuits.  The  functional  schematic  for  these 
commands  is  illustrated  in  Figure  3.6-2.  The  operation,  functional  schematic, 
telemetry  verification  and  complement  are  identical  for  both  ACE  A and  ACE  B 
commands . 

ACE  A SAFEHOLD  ON  command  enables  a pulse  to  one  side  of  a logic  flip-flop, 
setting  it  to  enable  ACE  A safehold  electronics.  The  complement  to  the  enable 
command  is  the  ACE  A SAFEHOLD  OFF  command.  This  command  enables  a pulse  to  the 
opposite  side  of  the  logic  flip-flop,  causing  it  to  reset,  disabling  ACE  A 
SAFEHOLD  electronics.  ACE  B SAFEHOLD  commands  operate  in  a similar  fashion. 

Telemetry  verification  of  safehold  is  indicated  by  ACE  A and  8 SAFEHOLD 
electronics  status  monitors  which  are  multi-bit  serial  telemetry  monitors  the 
bilevels  AASFHLD  and  ABSFHLD  indicate  the  state  of  ACE  A and  ACE  B SAFEHOLD 
electronics  respectively.  A bilevel  one  indicates  enabled,  zero  off. 

3. 6. 1.7  Shuttle  Retrieval  Commands 

ACE  A SHUTTLE  RETRIEVAL  ON 
ACE  B SHUTTLE  RETRIEVAL  ON 

The  function  of  these  two  discrete  commands  is  to  enable  ACE  A and  ACE  B shuttle 
retrieval.  The  functional  schematic  for  these  commands  Is  illustrated  In  Figure 
3.6-2.  The  operation,  functional  schematic,  telemetry  verification  and 
complement  are  Identical  for  both  ACE  A and  B commands. 

ACE  A SHUTTLE  RETRIEVAL  ON  command  enables  a pulse  to  one  side  of  a logic  flip- 
flop  setting  It  to  enable  the  shuttle  retrieval  circuits.  ACE  5 SHUTTLE 
RETRIEVAL  ON  commands  operates  In  a similar  fashion.  The  complement  to  the  ON 
command  is  the  SAFEHOLD  OFF  command.  Safehold  must  first  be  enabled  before 
switching  to  the  shuttle  retrieval  mode. 

Telemetry  verification  of  shuttle  retrieval  is  indicated  by  ACE  A and  B safehold 
electronics  status  monitors  which  are  multi-bit  serial  telemetry  words.  AASHLT 
and  AB5KLT  are  the  bilevel  telemetry  points.  A bilevel  1 indicates  SHUTTLE 
RETRIEVAL  is  enabled,  a rero  indicates  disabled. 
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3. 6. 1.8  FSS  Power  Control 


PSS  POWER  ON 
FSS  POWER  OFF 

The  function  of  these  two  discrete  commands  is  to  control  power  to  the  FSS.  The 
functional  schematic  for  these  commands  is  illustrated  in  Figure  3,6-4. 

FSS  POWER  ON  command  enables  a pulse  to  one  coll  of  a latching  relay  in  the  PSU  t 
causing  it  to  close*  switching  +28  VDG  power  to  the  FSS  electronics.  The 
complement  to  the  POWER  ON  command  is  the  POWER  OFF.  This  command  enables  a 
pulse  to  the  opposite  coll  of  the  latching  relay*  resulting  in  the  removal  of 
the  +28  VDC  power  from  the  FSS. 

lelemetiy  Indication  of  FSS  power  status  is  made  via  the  FSS  two  bit  power 
status  indicator  AFSSPWR  defined  as  follows: 

Power  Status  MSB  LSB 

FSS  OFF  1 i 

FSS  ON  i 0 

3 .6 . 1 .9  FUST  Power  Control 

FHST  I POWER  ON 
FH  ST  2 POWER  ON 
FUST  1 AND  2 POWER  OFF 

The  function  of  these  three  discrete  commands  is  to  control  power  to  FHST  1 and 
2.  The  functional  schematic  for  these  commands  is  illustrated  in  Figure  3.6-5. 
The  operation  of  the  POWER  ON  command  is  identical  for  both  trackers* 

FHST  POWER  ON  command  enables  a pulse  to  one  coil  of  a latching  relay  in  the 
PSU,  switching  +28  VDC  power  to  the  associated  FHST  electronics.  POWER  ON  to 
each  tracker  is  controlled  independent ly . The  complement  to  the  POWER  ON 
commands  is  the  POWER  OFF  command  which  acts  on  both  trackers.  The  OFF  command 
enables  a pulse  to  the  opposite  coll  of  the  latching  relays  to  both  FHST  1 and 
2*  causing  them  to  open*  removing  the  +23  VDC  power  from  both  trackers* 

Telemetry  verification  of  FHST  power  status  is  indicated  via  bilevel'  telemetry 
points  ASTlPWR  and  AST2PWR  for  FHST  1 and  2 respectively.  A bilevel  one 
indicates  FHST  POWER  ON,  zero  OFF. 
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IRU  CH  A ON/OFF  LOGIC  S5G  TO  ACE  A/B 

28  i g VDC  TO  IRU  CHANNEL  A 


Rill  IRU  CH  A PWR  ON  DC  21 
RIU  IRU  CH  A PWR  OFF  DC  23 


IRU  CH  B ON/OFF  LOGIC  SIG  TO  ACE  A/B 
28  t g VDC  TO  IRU  CHANNEL  B 
RIU  IRU  CH  B PWR  ON  DC  22 
RIU  IRU  CH  B PWR  OFF  DC40 


IRU  CH  C ON/OFF  LOGIC  SIG  TO  ACE  A/B 

28  x 1 VDC  TO  IRU  CHANNEL  C 
8 

RIU  IRU  CH  C PWR  ON  DC  59 
RIU  IRU  CH  C PWR  OFF  DC  57 


FHST  1 ON/OFF  LOGIC  SIG  TO  ACE  A/8 
28  i g VDC  TO  FHST  1 


T.P. 


LJ 


RELAY 


T= 


A 

8 


RIU  FHST  1 PWR  ON  DC  13 
RIU  FHST  1 & 2 PWR  OFF  DC  15 

RIU  FHST  2 PWR  ON  DC  14 


Ar- 


; o- 


r-cr^o- 


28  1 g VDC  TO  FHST  2 

FHST  2 ON/OFF  LOGIC  TO  ACE  A/B 


ACE 


DIG  GND 

Figure  3.6-5.  IRU/FHST  Power  Control  Command  Interface 
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{ 3.6.1.10  TAM  Power  Control 

TAM  1 POWER  ONf 
TAM  2 POWER  ON 
TAM  1 AND  2 POWER  OFF 

The  function  of  these  three  discrete  commands  is  to  control  power  to  TAM  1 and 
2.  The  functional  schematic  for  these  commands  is  illustrated  in  Figure  3.6-1. 
The  operation  of  the  POWER  ON  command  is  identical  for  each  TAM. 

TAM  POWER  ON  command  enables  a pulse  to  one  coil  of  a latching  relay  in  the  PSU, 
switching  *28  VDC  power  to  the  associated  TAM  electronics.  POWER  ON  to  each  TAM 
is  controlled  independently.  The  complement  to  the  POWER  ON  commands  is  the 
POWER  OFF  command  which  acts  on  both  magnetometers.  The  OFF  command  enables  a 
pulse  to  the  opposite  coil  of  the  latching  relays  to  both  magnetometers,  causing 
them  to  open,  removing  the  +28  VDC  power. 

Telemetry  verification  of  TAM  power  status  is  indicated  via  bilevel  telemetry 
points  ATAM1PWR  and  ATAK2PWR  for  TAM  1 and  2 respectively.  A bilevel  one 
indicates  TAM  POWER  ON,  zero  OFF. 

3 .6.1.11  IRU  Power  Control 

IRU  CH  A POWER  ON 

IRU  CH  B POWER  ON  ' 

IRU  CH  C POWER  ON 
IRU  CH  A POWER  OFF 
IRU  CH  B POWER  OFF 
IRU  CH  C POWER  OFF 

The  function  of  these  six  discrete  commands  is  to  control  power  to  each  IRU 
channel.  The  functional  schematic  for  these  commands  is  illustrated  in  Figure 
3.6-5.  The  operation,  functional  schematic,  telemetry  verification  and 
complement  are  identical  for  each  channel. 

IRU  CHANNEL  POWER  ON  command  enables  a pulse  to  one  coil  of  a latching  relay  in 
the  PSU , switching  +28  VDC  power  to  the  associated  IRU  channel.  The  complement 
to  the  POWER  ON  command  is  the  POWER  OFF  command.  This  command  enables  a pulse 
to  the  opposite  coil  of  the  latching  relay,  causing  it  to  open,  removing  the  +28 
VDC  power. 

Telemetry  verification  of  IRU  power  status  is  indicated  via  bilevel  telemetry 
points  AIRUAPWR,  AIRUBPWR  and  AIRUCPWR  for  IRU  channels  A,  B and  C respectively. 
A bilevel  one  indicates  IRU  POWER  ON,  zero  OFF. 
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3.6*1*12  IRU  Range  Selection 

IRU  CH  A HIGH  RATE 
IRU  CH  B HIGH  RATE 
IRU  CH  C HIGH  RATE 
IRU  CH  A LOW  RATE 
IRU  CH  B LOW  RATE 
IRU  CH  C LOW  RATE 

The  function  of  these  six  discrete  commands  is  to  control  the  selection  of  IRU 
rate  range.  The  functional  schematic  for  these  commands  is  illustrated  In  Figure 

3.6- 6.  The  operation,  functional  schematic,  telemetry  verification  and 

schematic  are  identical  for  each  channel. 

IRU  CHANNEL  HIGH  RATE  command  enables  a pulse  to  one  coil  of  a latching  relay  in 
the  IRU,  switching  the  high  rate  scaling  resistor  network  into  the  gyro  torquer 
coil  current  monitor  circuit.  The  complement  to  the  HIGH  RATE  command  is  the 
LOW  RATE  command.  The  LOW  RATE  command  enables  a pulse  to  the  opposite  coil  of 
the  latching  relay,  switching  the  low  rate  scaling  resistor  network  into  the 
gyro  torquer  coil  current  monitor  circuit. 

Telemetry  verification  of  IRU  rate  range  status  is  indicated  via  bilevel 
telemetry  points  AIRUARNG,  AIRUBRNG  and  AIRUCRNG  for  IRU  channels  A,  B and  C 
respectively.  A bilevel  one  indicates  LOW  RANGE  operation,  zero  HIGH  RANGE. 

3.6.1.13  Magnetic  Torquer  Power  Control 

X MAG  TORQUER  A ON 
X MAG  TORQUER  B ON 

Y MAG  TORQUER  A ON 

Y MAG  TORQUER  B ON 
Z MAG  TORQUER  A ON 
Z MAG  TORQUER  B ON 

X,Y,Z  MAG  TORQUER  A OFF 
X ,Y ,Z  MAG  TORQUER  B OFF 

The  function  of  these  eight  discrete  commands  is  to  enable  magnetic  torquer 
drives.  The  functional  schematic  for  these  commands  is  illustrated  in  Figure 

3.6- 1.  The  operation  of  the  POWER  ON  command  is  identical  for  each  torquer 
circuit. 

The  MAGNETIC  TORQUER  ON  command  enables  a pulse  to  one  coil  of  a latching  relay 
in  the  ACE,  switching  the  drives  to  the  torquers.  Each  torquer  is  enabled 
independently.  The  complement  to  the  ON  commands  is  the  OFF  commands  which  acts 
on  all  .three  of  the  A or  B side  torquers  simultaneously.  The  OFF  command 
enables  a pulse  to. the  opposite  coil  of  the  latching  relay  removing  the  drives 
from  t he  t o r que  r s . 
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Telemetry  verification  of  torquer  status  is  indicated  via  the  bilevel  telemetry 
points  listed  in  Table  3.6-1.  A bilevel  one  indicates  torquer  ON*  zero  OFF. 

3 *6 . * .14  SRW  Power  Control 

ROLL  WHEEL  POWER  ON 
PITCH  WHEEL  POWER  ON 
YAW  WHEEL  POWER  ON 
SKEW  m EEL  POWER  ON 

ROLL  WHEEL  POWER  OFF 
PITCH  WHEEL  POWER  OFF 
YAW  WHEEL  POWER  OFF 
SKEW  WHEEL  POWER  OFF 

The  function  of  thee  eight  discrete  commands  is  to  control  SRW  power.  The 
functional  schematic  for  these  commands  is  illustrated  in  Figure  3*6-7.  The 
operation,  functional  schematic,  complement  and  telemetry  verification  are 
identical  for  each  wheel. 


WHEEL  POWER  ON  command  enables  a pulse  to  one  coil  of  a latching  relay  in  the 
PSU,  switching  power  to  the  associated  wheel  electronics.  The  complement  is  the 
POWER  OFF  command  which  enables  a pulse  to  the  opposite  coil  of  the  latching 
relay,  removing  power. 


Telemetry  verification  of  torquer  status  is  indicated  via  bilevel  telemetry 
points  AXWHED , AYVHED,  AZWHED  and  ASWHED  for  the  roll,  pitch,  yaw  and  skew 
wheels  respectively.  A bilevel  one  indicates  enabled,  zero  disabled. 

3.6.1.15  MACS  Heater  Control 


MACS  HEATER  GROUP  I ON 
MACS  HEATER  GROUP  2 ON 
MACS  HEATER  GROUP  3 ON 


MACS  HEATER  GROUP  1 OFF 
MACS  HEATER  GROUP  2 OFF 
MACS  HEATER  GROUP  3 OFF 


The  function  of  these  six  discrete  commands  is  to  control  MACS  heater  power* 
The  functional  schematic  for  these  commands  is  illustrated  in  Figure  3.6-4.  The 
operation,  functional  schematic,  complement  and  telemetry  verification  are 
identical  for  each  heater  group. 
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MACS  HEATER  GROUP  ON  COMMAND  enables  a pulse  to  one  coil  of  a latching  relay  in 
the  PSU,  switching  +28  VDC  power  to  the  associated  heater  group*  The  complement 
to  the  POWER  ON  command  is  the  OFF  command.  This  command  enables  a pulse  to  the 
opposite  coil  of  the  latching  relay,  removing  the  +28  VDC  power  from  the  heater 
circuit . 

Telemetry  verification  of  heater  group  power  status  is  indicated  via  the  bilevel 
telemetry  points  listed  in  Table  3.6-1.  A bilevel  one  indicates  heater  power 
off,  zero  on. 

3 .6 . 1 . 16  FHST  Heater  Control 

FHST  1 HEATER  ON 
FHST  2 HEATER  ON 
FHST  1 and  2 HEATER  OFF 

The  function  of  these  three  discrete  commands  is  to  control  FHST  1 and  2 heater 
power*  The  functional  schematic  for  these  commands  is  illustrated  in  Figure 
3.6-8.  Operation  of  the  HEATER  POWER  ON  command  is  identical  for  FHST  1 and  2. 

The  HEATER  ON  command  enables  a pulse  to  one  coil  of  a latching  relay  in  the 
PSU,  switching  +28  VDC  power  to  the  associated  FHST  heater  circuit.  Power  tc 
each  FHST  heater  is  controlled  independently . The  complement  to  the  POWER  ON 
command  is  the  OFF  command  which  acts  on  both  FHST  heater  circuits 
simultaneously.  The  OFF  command  enables  a pulse  to  the  opposite  coils  of  the 
latching  relays  to  both  heater  circuits,  causing  them  to  open,  removing  the  +28 
VDC  power. 

Telemetry  verification  of  FHST  heater  power  status  is  indicated  via  bilevel 
telemetry  points  ATR1HTA,  ATR1HTB,  ATR2HTa  and  ATR2HTB  for  FHST  1 A/B  and  FHST  2 
A/B  heaters  respectively.  A bilevel  one  indicates  HEATER  POWER  OFF,  zero  ON. 

3.6.1.17  FHST  Control 

FHST  1 CONTROL 
FHST  2 CONTROL 

The  function  of  these  two  serial  magnitude  commands  Is  to  control  the  operation 
of  FHST  1 and  2.  The  functional  schematic  for  these  commands  is  illustrated  in 
Figure  3.6-9.  The  operation,  functional  schematic,  and  telemetry  verification 
is  identical  for  each  tracker. 
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FHST  control  command  definition  is  presented  in  Table  3*6-4,  and  includes  the 
following  functions: 

o The  required  star  brightness  threshold  for  star  acquisition  is 
commanded  hy  bits  2 through  4 

o The  Offset  Mode  for  star  acquisition  is  commanded  by  bits  8 through  16 

® The  tracker  shutter  can  be  commanded  open  by  bits  1 and  5 even  though 

it  had  been  closed  by  the  BOS  or  a Target  Suppress  signal 

s The  Break  Track  Command  (bit  6)  will  return  the  FHST  from  the  "track" 
mode  to  the  "search"  mode.  It  will  also  unlatch  the  shutter  and 
retrun  it  to  normal  operation  if  it  had  been  latched  by  a TS  signal 

3.6.1.18  ACE  Command  Word  l 

ACE  A COMMAND  WED  1 
ACE  3 COMMAND  WED  1 

The  function  of  these  two  serial  magnitude  commands  is  to  provide  commanded 
wheel  and  torquer  drive  capabilities.  The  functions!  schematic  for  these 
commands  is  illustrated  in  Figure  3.6-10.  The  operation  of  COMMAND  WED  1 is 
identical  for  both  ACE  A and  B. 

COMMAND  WORD  1 definition  is  presented  in  Table  3.6-5-  Included  In  this  command 
is  the  capability  to  command  drives  to  each  of  the  reaction  wheel  and  magnetic 
torquers.  In  addition,  magnetic  torquer  and  TAM  biases  can  also  fee  commanded. 

The  four  wheel  drive  commands  are  processed  by  the  SM  command  receiver,  are 
decoded  in  accordance  with  their  address  and  distributed  to  the  proper  storage 
register  and  D/A  Converter  as  shown  in  Figure  3.6-11.  Each  9 bit  plus  si  <>n  SM 
wheel  drive  coowand  is  converted  to  an  analog  voltage  and  processed  by  ttu  ACE 
Wheel  Drive  Ele  tronics,  with  a positive  voltage  from  the  D/A  Conve  ter 
commanding  a positive  wheel  torque  and  negative  spacecraft  torque. 
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The  three  magnetic  torquer  drive  commands  are  processed  in  a similar  manner  as 
shown  in  Figure  3. 6-1 2.  Each  7 bit  plus  sign  SM  magnetic  torquer  drive  command 
is  converted  to  an  analog  voltage.  During  Computer  Mode  operation  each  analog 
voltage  is  processed  by  th*.  ACE  Magnetic  Torquer  Drive  Electronics,  with  a 
positive  voltage  from  the  D/A  Converter  commanding  a positive  magnetic  dipole. 

The  three  magnetic  torquer  bias  commands  are  processed  in  a similar  manner  as 
sho'ra  in  Figure  3.6-12.  Each  7 bit  plus  sign  Magnetic  Torquer  Bias  input  is 
available  to  the  Magnetic  Torquer  Drive  Electronics  in  the  Safehold  Mode.  The  X 
and  Y Magnetic  Torquer  Bias  SM  commands  have  a scale  factor  of  0.451  ma/count 
(510  POLE-CM/count)  for  the  X XR,  Y,  and  Yg  magnetic  torquers.  The  2 Magnetic 
Torquer  Bias  SM  Command  has  a scale  factor  or  1.122  ma/count  (527  POLE-CM/count) 
for  the  ZA  and  magnetic  torquers.  A positive  Magnetic  Torquer  Bias  SM  count 
will  provide  a negative  magnetic  dipole  to  bias  out  a positive  spacecraft 
magnetic  dipole  and  vice  versa.  The  Magnetic  Torquer  Bias  Commands  may  be 
entered  into  the  appropriate  storage  registers  of  the  powered  ACE  block  during 
the  Computer  Mode  er  Safehold  Mode  but  they  are  effective  only  during  Safehold. 
Control  of  the  magnetic  torquers  may  be  exercised  by  ground"  command  during 
Safehold  via  Magnetic  Torquer  Bias  SM  commands. 

The  three  TAM  bias  commands  are  processed  in  a similar  manner  as  shown  in  Figure 
3.6-1.  For  Safehold  Mode  operation,  the  contribution  of  unwanted  magnetic  field 
is  countered  by  TAM  signal  compensation  and  TAM  Bias  commands.  The  MACS  ACE 
Safehold  Electronics  provides  feedback  compensation,  derived  from  the  magnetic 
torquer  current  circuits,  to  each  of  the  three  axes  signals  received  by  the  ACE 
from  each  TAM.  This  compensates  each  TAM  signal  to  the  ACE  for  that  portion  of 
its  sensed  magnetic  field  generated  by  the  magnetic  torquers.  TAM  biases  to 
counter  spacecraft  generated  magnetic  fields,  sensed  by  the  TAMS,  are  available 
via  SM  commands.  Each  7 bit  plus  sign  TAM  Bias  SM  commands  has  a scale  factor 
of  1 count  per  3.125  mi 111 gauss  bias  required,  with  a maximum  range  of  +397 
milligauss.  Once  the  TAM  X,  Y and  Z components  of  the  sensed  magnetic  field  due 
to  the  spacecraft  generated  fields  have  been  determined,  the  TAM  X,  Y and  Z Bias 
SM  Commands  for  Safehold  can  be  identified.  For  positive  magnetic  field 
components  at  the  TAM  locations  generated  by  the  spacecraft,  positive  count 
(sign  bit.  ® 0)  SM  TAM  Bias  commands  are  required  to  bias  out  their  effect  and 
vice  versa.  X,  Y and  Z axes  TAM  1 or  TAM  2 Bias  commands  may  be  entered  into 
the  appropriate  TAM  Bias  storage  registers  of  the  powered  ACE  block.  Since  each 
ACE  block  has  storage  registers  for  a single  TAM,  the  Bias  commands  entered  must 
correspond  to  the  TAM  to  be  selected  for  Safehold  operation.  TAM  bias  commands 
may  be  entered  into  the  appropriate  storage  registers  during  operation  in  either 
the  Computer  of  Safehold  modes  but  they  are  effective  only  during  Safehold. 
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Figure  3.6-12.  Magnetic  Torquer  Drive  Signal  Processor 
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3*6. 1.19  ACE  Command  Word  2 

ACE  A COMMAND  WORD  2 

ACE  B COMMAND  WORD  2 

The  function  of  these  two  serial  magnitude  commands  is  to  provide  control  for 
the  selection  of  wheel  drive  inputs,  TAM  selection,  thruster  unload  selection, 
thruster  control  selection,  gyro  rate  selection,  position  sensor  selection  and 
gyro  rate  bias  selection.  The  functional  schematic  for  these  commands  is 
illustrated  in  Figure  3.6-10,  and  is  defined  in  Table  3.6-6.  Operation  of 
COMMAND  WORD  2 is  identical  for  both  ACE  A and  B. 

The  Device  Mode  Select,  Safehold  Gyro  Rate  Signal  Select  and  the  Safehold  Posn 
Signal  Select  are  processed  by  the  SM  command  receiver,  decoded  in  accordance 
with  their  address,  and  distributed  to  the  proper  storage  register  and  decoder 
to  provide  bilevel  outputs  correspnding  to  the  bit  pattern  of  the  SM  commands. 
The  bilevel  control  status  log5.c  associated  with  this  bit  pattern  is  given  in 
Table  3.6-6.  Five  bits  of  the  Device  Mode  Select  word,  including  an  enable  bit, 
provide  logic  signals  to  select  OBC  or  Payload  Sensor  (PAYS)  Enable  signals  to 
control  the  reaction  wheels  in  the  Computer  Mode.  These  five  bits  are 
initialised  as  zeros,  or  computer  input  select,  at  power  turn  ON.  Two  bits  of 
the  Device  Mode  select  word,  including  an  enable  bit  provide  logic  signals  to 
select  AM  1 or  TAM  2 inputs  to  the  Safehold  Electronics  and  three  bita, 
including  an  enable  bit,  are  employed  to  enable  Safehold  Thruster  Control  and/or 
Thruster  Unload  logic  outputs  to  the  Propulsion  Module. 

The  four  bit  Safehold  Gyro  Rate  Select  SM  command  provides  bilevel  logic  for 
switching  of  the  IRU  1 or  IRU  2 analog  rate  signals,  on  each  axis,  to  the 
Safehold  Electronics.  The  12  bit  Safehold  Position  Sensor  Select  SM  command 
provides  bilevel  logic  for  switching  CSS1  or  CSS2  or  ES  or  IRU  Position  input 
signals  to  the  Safehold  Electronics.  In  each  case  the  SM  command  enable  bit 
must  be  a logic  "l"  to  execute  a change  in  the  function  it  governs. 
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Provision  has  been  made  in  the  MACS  Computer  Mode  operation  to  provide  the 
appropriate  gyro  bias  corrections  via  the  MACS  update  filter  as  part  of  the  OBC 
computations.  For  the  Safehold  Mode  operation,  without  the  OBC,  the  appropriate 
biases  to  counter  gyro  drift  are  entered  Into  the  ACE  I TP  memory  via  the  IRU 
Gyro  Bias  SM  commands.  The  magnitude  and  sign  of  these  gyro  drif  ts  will  *>e 
available  upon  completion  of  IRU  In-Orbit  calibration  or,  in  lieu  of  that,  from 
the  IRU  gyro  acceleration  Insensitive  drift  performs. nee  data.  The  IRU  Gyro  Bias 
SM  commands  are  designed  to  Improve  the  Safehold  Inertial  Hold  Mode  performance 
for  Shuttle  Retrieval.  The  commands  may  be  entered  into  the  MACS  by  ground 
command  In  preparation  for  Shuttle  Retrieval.  It  should  be  noted  that  he  IRU 
Gyro  Bias  SM  commands  can  be  entered  into  the  ACE  I TP  memory  any  time  after  the 
ACE  block  is  powered,  but  the  bias  count  Is  iiutibi ted  from  being  combined  with 
the  IRU  POSN  word  unless  the  nCE  is  operating  in  the  Safehold  Mode.  Further  the 
IRU  Rate  Bias  is  only  applicable  to  IRU  High  Rate  Range  operation. 

The  range  of  each  7 bit  plus  sign  IRU  Gyro  Rate  bias  word,  that  can  be  stored  In 
the  I TP  memory,  is  equivalent  to  +1-01*6  arc  seconds  (+127  count)  when  the  IRU  is 
operating  in  the  HIGH  RATE  RANGE.  Considering  that  each  IRU  Gyro  Rate  bias  word 
is  summed  with  the  corresponding  24  bit  IRU  POSH  word  in  the  IT?  memory  every  8 
seconds  during  SAFEHOLD,  this  yields  a rate  bias  range  of  +12*7  arc  seconds  per 
second.  This  provides  a scale  factor  of  16  count  per  arc  second  per  second,  an 
ample  range  over  the  maximum  IRU  gyro  acceleration  Insensitive  drift  performance 
of  7.2  arc  seconds  per  second.  An  IRU  gyro  axis  that  exhibits  a 'drift  in  a 
positive  direction  contributes  negative  counts  to  the  corresponding'  IRU  POSH 
word.  An  IRU  Gyro  Rate  Bias  SM  command  having  the  appropriate  positive  count 
(sign  bit  « 0)  is  required  to  bias  out  the  effect  of  the  positive  gyro  drift. 
Similarly  an  IRU  Gyro  Bias  SM  command  having  the  appropriate  negative  count 
(sign  Lit  1)  is  required  to  bias  out  the  effect  of  negative  gyro  drift.  The 
IRU  gyro  bias  SM  commands  are  presented  in  the  one's  complement  format. 

3.6.1.20  ESA  Power  Control 

ESA  1 POWER  ON 

ESA  1 POWER  OFF 

ESA  2 FOWER  ON 

ESA  2 POWER  OFF 

The  function  of  these  four  discrete  commands  is  to  cor. tree  the  +28  VDC  Dower  to 
ESA  1 and  2.  The  functional  schematic  for  these  commands  is  illustrated  in 
Figure  3.6-13.  The  operation,  functional  schematic,  complement  and  telemetry 
verification  of  these  commands  is  identical  for  both  ESA  1 and  2. 

ESA  1/2  POWER  ON  command  enables  a pulse  to  one  side  of  a latching  relay, 
closing  it,  enabling  +28  VDC  power  to  the  ESA  1/2  power  supply.  The  complement 
of  the  POWER  ON  command  is  the  ESA  1/2  POWER  OFF  command.  ESA  1/2  POWER  OFF 
command  .enables  a pulse  to  the  opposite  coil  of  the  latching  relciy,  causing  the 
relay  to  open,  removing  the  +28  VDC  from  the  power  supply. 
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Figure  3.6-13.  ESA  Heater  and  Logie  Enable/Disable  Commands 
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3*6.2  COMMAND  SEQUENCES 

This  section  lists  the  command  sequences  associated  with  the  operation  of  the 
MACS  and  ESAM.  The  command  sequences  are  included  in  the  following  tables: 

Table  3.6-7  A-Side  Initialization  Sequence 

Table  3.6-8  A-Side  Register  Initialization 

Table  3.6-9  A-Side  Component  Turn-On  and  Selection 

Table  3.6-10  B-Side  Initialization  Sequence 

Table  3.6-11  B-Side  Register  Initialization 

Table  3.6-12  B-Side  Component  Turn-On  and  Selection 

3.6.3  COMMAND  RESTRAINTS 

This  section  lists  the  command  restraints  associated  with  the  operation  of  the 
MACS  and  ESAM.  The  following  restraints  apply: 

0 It  is  a recommended  operating  procedure  that  a 60  second  delay  be 
inserted  between  IRU  Channel  A,  B and  C power  turn  on. 

© After  switching  power  on  to  an  ACE*  all  ACE  serial  magnitude  command 
registers  must  be  initialized  by  issuing  the  following  commands: 

Zero  Wheel  Drives 

Zero  Magnetic  Torquer  Drives  i 

Zero  Magnetic  Torque  Bias 
Zero  TAM  Bias 
Zero  IRU  Bias 

3.6.4  FUNCTIONAL  SCHEMATICS 

This  section  provides  functional  schematics  of  the  command  circuits  referenced 
in  the  proceeding  paragraphs.  The  schematics  have  been  simplified  and  are 
provided  as  an  aid  to  understanding  the  command  interfaces. 
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A-Side  Initialization  Sequence 


Command 

Type 

Description 

Octal/Discrete 

ID 

— , ... — 

Comments 

D 

RIU  A ON  STANDBY 

00 

RIU2A 

0 

RIU  A ON/B  OFF 

63 

RIU2A 

D 

ACE  A PWR  ON/B  OFF 

07 

RIU2A 

D 

CSM  A INHIBIT 

05 

RIU2A 

D 

CSM  B INHIBIT 

06 

RIU2A 

D 

ACE  A SAFEHOLD  OFF 

20 

RIU2A 

D 

ACE  B SAFEHOLD  OFF 

36 

RIU2A 

D 

IKU  CH  A PWR  OFF 

23 

RIU2A 

D 

IRU  CH  B PWR  OFF 

40 

RIU2A 

D 

IRU  CH  C PWR  OFF 

57 

RIU2A 

D 

FHST  1 AND  2 PWR  OFF 

15 

RIU2A 

D 

TAM  1 AND  2 PWR  OFF 

19 

RIU2A 

D 

ROLL  SRW  PWR  OFF 

47 

RIU2A 

D 

PITCH  SRW  PWR  OFF 

55 

RIU2A 

D 

YAW  SRW  PWR  OFF 

58 

RIU2A 

D 

SKEW  SRW  PWR  OFF 

51 

RIU2A 

D 

FSS  PWR  OFF 

11 

RIU2A 

D 

FHST  I AND  2 HTRS  OFF 

43 

RIU2A 

D 

MACS  HTR  GROUP  1 OFF 

35 

RIU2A 

D 

MACS  HTR  GROUP  2 OFF 

39 

RIU2A 

0 

MACS  HTR  GROUP  3 OFF 

50 

RIU2A 

D 

ACE  A MAG  TORQUER  OFF 

31 

RIU2A 

D 

ACE  B MAG  TORQUER  OFF 

32 

RIU2A 

D 

RIUA  ON  STANDBY 

00 

RIU4A 

D 

RIU  A ON/B  OFF 

63 

RIU4A 

D 

ESA  1 HTR/ LOGIC  DISABLE 

25 

RIU4A 

D 

ESA  2 HTR/LOGIC  DISABLE 

54 

RIU4A 

D 

ESA  I PWR  OFF 

13 

RIU4A 

D 

ESA  2 PWR  OFF 

34 

RIU4A 
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Table  3.6-8.  A -Side  ..Register  Initialisation 


Command 

Type  Description 


Octal 

81 > C25 


s 

ACE 

A 

ROLL  SRW  ZERO  VOLTS 

604610000 

s 

ACE 

A 

PITCH  SRW  ZERO  VOLTS 

604620000 

s 

ACE 

A 

YAW  SRW  ZERO  VOLTS 

604630000 

s 

ACE 

A 

SKEW  SRW  ZERO  VOLTS 

604640000 

s 

ACE 

A 

ROLL  TAM  BIAS  ZERO  VOLTS 

604650000 

s 

ACE 

A 

PITCH  TAM  BIAS  ZERO  VOLTS 

604660000 

s 

ACE 

A 

YAW  TAM  BIAS  ZERO  VOLTS 

604670000 

s 

ACE 

A 

ROLL  TORQUE  DRIVE  ZERO  VOLTS 

604710000 

s 

ACE 

A 

PITCH  TORQUE  DRIVE  ZERO  VOLTS 

604730000 

s 

ACE 

A 

YAW  TORQUE  DRIVE  ZERO  VOLTS 

604750000 

s 

ACE 

A 

ROLL  TORQUE  BIAS  ZERO  VOLTS 

604720000 

s 

ACE 

A 

PITCH  TORQUE  BIAS  ZERO  VOLTS 

604740000 

s 

ACE 

A 

YAW  TORQUE  BIAS  ZERO  VOLTS 

604760000 

s 

ACE 

A 

ROLL  1 IRU  BIAS  ZERO 

605100000 

s 

ACE 

A 

PITCH  1 IRU  BIAS  ZERO 

605110000 

s 

ACE 

A 

YAW  1 IRU  BIAS  ZERO 

605120000 

s 

ACE 

A 

ROLL  2 IRU  BIAS  ZERO 

605130000 

s 

ACE 

A 

PITCH  2 IRU  BIAS  ZERO 

605140000 

s 

ACE 

A 

YAW  2 IRU  BIAS  ZERO 

605150000 
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\ Table  3.6-9.  A-Side  Component  Turn-On  and  Selection 


Command 

Type 

Description 

Octal/Discrete 

ID 

Comments 

D 

ESA  1 PWR  ON 

18 

RIU4A 

D 

ESA  2 PWR  ON 

07 

RIU4A 

D 

ESA  1 LOGIC  ENABLE 

60 

RIU4A 

D 

ESA  2 LOGIC  ENABLE 

39 

RIU4A 

D 

IRU  CH  A PWR  ON 

21 

RIU2A 

D 

IRU  CH  B PWR  ON 

22 

RIU2A 

D 

IRU  CH  C PWR  ON 

59 

RIU2A 

D 

FHST  1 PWR  ON 

13 

RIU2A 

D 

FHST  2 PWR  ON 

14 

RIU2A 

S 

FHST  1 INITIALIZE  CMD  1 

604340000 

RIU2A 

S 

FHST  1 INITIALIZE  CMD  2 

604202000 

RIU2A 

s 

FHST  2 INITIALIZE  CMD  1 

604540000 

RIU2A 

s 

FHST  2 INITIALIZE  CMD  2 

604402000 

RIU2A 

D 

TAM  1 PVR  ON 

17 

RIU2A 

D 

TAM  2 PWR  ON 

18 

RIU2A 

D 

FSS  PWR  ON 

09 

RIU2A 

S 

SAFEHOLD  DEVICE  MODE  SEL 

AS  REQUIRED 

RIU2A 

S 

SAFEHOLD  GYRO  RATE  SEL 

AS  REQUIRED 

RIU2A 

S 

SAFEHOLD  POSITION  SENSOR  SEL 

AS  REQUIRED 

RIU2A 
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Table  3.6-10.  B-Side  Initialization  Sequence 


Command 

Type 

Description 

Octal/Discrete 

ID 

Comments 

D 

RIU  B ON  STANDBY 

00 

RIU2B 

D 

RIU  B ON/OFF  A 

63 

RIU2B 

D 

ACE  B PWR  ON/OFF  A 

61 

RIU2B 

D 

CSH  A INHIBIT 

05 

RIU2B 

D 

CSM  B INHIBIT 

06 

RIU2B 

D 

ACE  A SAFEHOLD  OFF 

20 

RIU2B 

D 

ACE  B SAFEHOLD  OFF 

36 

RIU2B 

D 

IRU  CH  A PWR  OFF 

23 

RIU2B 

D 

IRU  CH  B PWR  OFF 

40 

RIU2B 

D 

IRU  CH  C PWR  OFF 

57 

R1U2B 

D 

FHST  1 AND  2 PWR  OFF 

15 

RIU2B 

D 

TAM  1 AND  2 PWR  OFF 

19 

RIU2B 

D 

ROLL  SRW  FUR  OFF 

47 

RIU2B 

D 

PITCH  SRW  PWR  C.* 

55 

RIU2B 

D 

YAW  SRW  PWR  OFF 

58 

RIU2B 

D 

SKEW  SRW  PWR  OFF 

51 

RIU2B 

D 

FS S PWR  OFF 

11 

RIU2B 

D 

FHST  1 AND  2 HTRS  OFF 

43 

RIU2B 

B 

MACS  HTR  GROUP  1 OFF 

35 

RIU2B 

B 

MACS  HTR  GROUP  2 OFF 

39 

RIU2B 

D 

MACS  HTR  GROUP  3 OFF 

50 

RIU2B 

D 

ACE  A MAG  TORQUER  OFF 

31 

RIU2B 

D 

ACE  B MAG  TORQUER  OFF 

32 

RIU2B 

D 

RIU  B ON  STANDBY 

00 

RIU4B 

D 

RIU  B ON/OFF  A 

63 

RIU4B 

D 

ESA  1 HTR/LOGIC  DISABLE 

25 

RIU4B 

D 

ESA  2 HTR/LOGIC  DISABLE 

54 

RIU4B 

D 

ESA  1 PWR  OFF 

13 

RIU4B 

B 

ESA  2 PWR  OFF 

34 

RIU4B 
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Table  3.6-11.  B-Side  Register  Initialization 


Command 

Type 

Description 

' 1 S i i . i i 

Octal 

B1 > C25 

s 

ACE 

B 

ROLL  SRW  ZERO  VOLTS 

6054 10000 

s 

ACE 

B 

PITCH  SRW  ZERO  VOLTS 

605420000 

s 

ACE 

B 

YAW  SRW  ZERO  VOLTS 

605430000 

s 

ACE 

B 

SKEW  SRW  ZERO  VOLTS 

605440000 

s 

ACE 

B 

ROLL  TAH  BIAS  ZERO  VOLTS 

605450000 

s 

ACE 

B 

PITCH  TAM  BIAS  ZERO  VOLTS 

605460000 

s 

ACE 

B 

YAW  TAM  BIAS  ZERO  VOLTS 

605470000 

s 

ACE 

B 

ROLL  TORQUE  DRIVE  ZERO  VOLTS 

605510000 

s 

ACE 

B 

PITCH  TORQUE  DRIVE  ZERO  VOLTS 

605530000 

s 

ACE 

B 

YAW  TORQUE  DRIVE  ZERO  VOLTS 

605550000 

s 

ACE 

B 

ROLL  TORQUE  BIAS  ZERO  VOLTS 

605520000 

s 

ACE 

B 

PITCH  TORQUE  BIAS  ZERO  VOLTS 

605540000 

s 

ACE 

B 

YAW  TORQUE  BIAS  ZERO  VOLTS 

605560000 

s 

ACE 

B 

ROLL  1 IRU  BIAS  ZERO 

605700000 

s 

ACE 

B 

PITCH  1 IRU  BIAS  ZERO 

605710000 

s 

ACE 

B 

YAW  1 IRU  BIAS  ZERO 

605720000 

s 

ACE 

B 

ROLL  2 IRU  BIAS  ZERO 

605730000 

s 

ACE 

B 

PITCH  2 IRU  BIAS  ZERO 

605740000 

s 

ACE 

B 

YAW  2 IRU  BIAS  ZERO 

605750000 
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Table  3.6-12.  B-Side  Component  Turn-On  and  Selection 


Command 

Type 

Description 

Octal/Discrete 

ID 

Comments 

D 

ESA  1 PWR  ON 

18 

RIU4B 

D 

ESA  2 PWR  ON 

07 

RIU4B 

D 

ESA  1 LOGIC  ENABLE 

60 

RIU4B 

D 

ESA  2 LOGIC  ENABLE 

39 

RIU4B 

D 

IRU  CH  A PWR  ON 

21 

RIU2B 

D 

IRU  CH  B PWR  ON 

22 

RIU2B 

D 

IRU  CH  C PWR  ON 

59 

RIU2B 

D 

FHST  1 PWR  ON 

13 

RIU2B 

D 

FHST  2 PWR  ON 

14 

RIU2B 

S 

FHST  1 INITIALIZE  CMD  1 

.604340000 

RIU2B 

S 

FHST  1 INITIALIZE  CMD  2 

604202000 

RIU2B 

S 

FHST  2 INITIALIZE  CMD  I 

604540000 

RIU2B 

S 

FHST  2 INITIALIZE  CMD  2 

604402000 

RIU2B 

D 

TAM  1 PWR  ON 

17 

RIU2B 

D 

TAM  2 PWR  ON 

18 

RIU2B 

D 

FSS  PWR  ON 

‘ 09 

RIU2B 

S 

SAFEHOLD  DEVICE  MODE  SEL 

AS  REQUIRED 

RIU2B 

S 

SAFEHOLD  GYRO  RATE  SEL 

AS  REQUIRED 

RIU2B 

S 

SAFEHOLD  POSITION  SENSOR  SEL 

AS  REQUIRED 

RIU2B 
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3.7  MACS  TELEMETRY 

Operation  of  the  Modular  Attitude  Control  Subsystem  is  monitored  using  101 
telemetry  channels  of  which  66  are  active  analog,  16  are  conditioned  (passive) 
analog,  four  are  bi -level  digital,  and  15  are  serial  digital. 

The  telemetry  points  are  listed  in  Table  3*7-1  and  described  in  Paragraphs 
3."*1.1  through  3*7*2.11;  telemetry  lirnits  are  shown  in  Table  3.7^2*  Para- 
graph 3*7*3  describes  the  telemetry  for  the  Earth  Sensor  assembly  Module 
(ESAK\  Functional  Schematics  for  the  telemetry  derivation  circuits  are 
grouped  in  Paragraph  3*7*4.  (NOTE.:  the  schematics  are  simplified  versions 
of  the  actual  circuits  and  are  provided  only  as  an  aid  in  understanding  the 
telemetry  interlace. 

For  information  regarding  calibration  curvet  for  the  telemetered  functions* 
see  Appendix  A. 3# 

3.7.1  ANALOG  TELEMETRY  MONITORS 

The  Modular  Attitude  Control  Subsystem  utilizes  82  analog  telemetry  monitors, 
including  66  active  and  16  passive  analog  telemetry  points.  These  points  are 
listed  by  user  ID  in  Tables  3.7-1  and  3.7-2  for  telemetry  matrix  location  and 
operating  limits  respectively.  The  following  paragraphs  describe  these  telemetry 
monitors . 

3. 7. 1.1  Standard  Reaction  Wheel  Temperature  Monitors 

Roll  SRW  Temp  (MACS-20) 

Pitch  SRW  Temp  (MACS-21) 

Yaw  SRW  Temp  (KACS-22) 

Skew  SRW  Temp  (MACS-23) 

These  telemetry  points  monitor  the  temperature  of  the  four  SRW 's  as  measured  by 
passive  temperature  probes  indicating  spin  bearing  temperature.  Identical 
circuits  are  used  to  monitor  all  SRW  temperatures,  with  a typical  circuit 
illustrated  in  Figure  3.7-1. 
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3. 7. 1.2  Optical  Bench  Temperature  Monitors 


Optical  Bench  Temp  (FHS")  (MACS-24) 

Optical  Bench  Temp  (IRU)  (MACS-35) 


These  telemetry  point©  monitor  optical  bench  temperature  as  measured  by  passive 
temperature  probes  indicating  temperatures  near  the  FHST  and  IRU  baseplates. 
Identical  circuits  are  used  to  monitor  each  temperatxire*  with  a typical  circuit 
illustrated  in  Figure  3.7-1# 

3.7.4,  Telemetry  Response  Functions. 

3.7. 1.3  Power  Switching  Unit  Temperature  Monitor 

PSU  Temp  (MACS-25) 

This  telemetry  point  monitors  PSU  temperature  as  measured  by  a passive 

temperature  probe  located  internal  to  the  PSU  assembly.  Figure  3.7-1 
illustrates  the  circuit  used  to  derive  this  temperature  signal. 

Functions . 

3 .7 .1  .<#  Fine  Sun  Sensor  Temperature  Konltor 

FSS  Temp  (MACS-26)  j 

This  telemetry  point  monitors  FSS  temperature  as  measured  by  a passive 

temperature  probe  located  within  the  electronics  package.  Figure  3.7-1 
illustrates  the  circuit  used  to  derive  this  temperature  signal. 


3 . 7 . 1 . 5 Remote  Intei race  Uni t Temperature  Monitor 
RIU  02  Temp  (MACS-27) 

This  telemetry  point  monitors  RIU  02  temperature  as  measured  by  a passive 
temperature  probe  located  within  the  RIU.  Figure  3.7-1  Illustrates  the  circuit 
used  to  derive  this  temperature  signal. 
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3. 7. 1.6  ACE  Power  Conditioner  Temperature  Monitor 

ACE  A Power  Conditioner  Temp  (MACS-28) 

ACE  B Power  Conditioner  Temp  (MACS-29) 


These  telemetry  points  monitor  the  temperature  of  ACE  A/B  power  conditioners  as 
measured  by  passive  temperature  probes  indicating  DC-DC  converter  temperature. 
Identical  circuits  are  used  to  monitor  each  power  conditioner  temperature,  with 
a typical  circuit  illustrated  in  Figure  3.7-1. 


3. 7. 1.7  SRW  Drive  Electronics  Temperature  Monitor 
SRW  Drive  Electronics  Temp  (MACS-30) 

This  telemetry  point  monitors  wheel  drive  electronics  temperature  as  measured  by 
a passive  temperature  probe  located  within  the  drive  electronics.  Figure  3.7-1 
Illustrates  the  circuit  used  to  derive  this  temperature  signal. 


3 .7 . 1 .8  Magnetic  Torguer  Drive  Electronics  Temperature  Monitor 

Torq  Drive  Electronics  Temp  (MACS-31) 

This  telemetry  point  monitors  magnetic  torquer  drive  electronics  temperature  as 
measured  by  a passive  temperature  probe  located  in  the  vicinity  of  the  drive 
electronics.  Figure  3.7-1  illustrates  the  circuit  used  to  derive  this 
temperature  signal. 


3. 7. 1.9  IRU  Temperature  Monitors 

IRU  Channel  A Temp  (MACS-32) 
IRU  Channel  B Temp  (MACS-33) 
IRU  Channel  C Temp  (KACS-34) 


These  telemetry  points  monitor  IRU  temperature  as  measured  by  passive 
temperature  probes  indicating  Individual  gyro  temperature.  Identical  circuits 
are  used  to  monitor  each  gyro  temperature,  with  a typical  circuit  illustrated  in 
Figure  3.7-1. 
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3 .7 . 1 *10  Star  Tracker  Temperature  Monitors 

FEST  1 Temp  (MACS-36) 

FHST  2 Temp  (MACS-37) 


These  telemetry  points  monitor  the  temperature  of  each  FHST  as  measured  by 
active  temperature  probes  indicating  star  tracker  temperature.  Identical 
circuits  are  used  to  monitor  the  temperature  of  each  FHST,  with  a typical 
circuit  illustrated  in  Figure  3.7-2.  The  active  temperature  telemetry  is  linear 
with  a nominal  gain  of  31°C/TLM  V. 
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3.7.1.11  IRU  Regulated  Voltage  Monitors 

IRU  Channel  A Reg  Voltage  (MACS-38) 
IRU  Channel  B Reg  Voltage  (MACS-39) 
IRU  Channel  C Reg  Voltage  (MACS-40) 


These  telemetry  points  serve  to  monitor  the  regulated  voltage  supplies  from  each 
IRU  channel > indicating  the  combined  satus  of  the  +.5  VDC  and  +15  VDC  supplies. 
The  nominal  output  is  2.0  +0.1  VDC.  Identical  circuits  are  used  to  monitor  all 
channels,  with  a typical  circuit  illustrated  in  Figure  3.7-3, 
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3*7.1*12  IRU  Motor  Current  Monitors 

IRU  Channel  A Motor  Current  (MACS-41) 
IRU  Channel  R Motor  Current  (MACS-42) 
IRU  Channel  C Motor  Current  (MACS-43) 


These  telemetry  points  monitor  gyro  spin  motor  current  in  each  of  the  three  IRU 
channels.  Nominal  motor  current  for  each  gyro  is  45  ;H5  ma.  Identical  circuits 
are  used  to  monitor  motor  current  in  each  channel,  with  a typical  circuit 
illustrated  in  Figure  3.7-4. 
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3 .7 .1 #13  Star  Tracker  Star  Intensity  Monitors 
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FHST  1 Star  Intensity  (MACS-44) 

FHST  2 Star  Intensity  (MACS-45) 


These  telemetry  points  monitor  the  intensity  of  the  star  currently  being  f 

tracked,  as  measured  In  terms  of  visual  magnitude#  Identical  circuits  are  used  j 

In  each  tracker  to  derive  star  intensity#  A typical  derivation  circuit  is  [ 

illustrated  in  Figure  3.7-2*  l 

.i 

5 


3*7.1*14  CSS  Position  Error  Monitors 


CSS  1 Pitch  Position  Error 
CSS  1 Yaw  Position  Error 
CSS  2 Pitch  Position  Error 
CSS  2 Yaw  Position  Error 


(MACS-46) 

(MACS-47) 

(KACS-48) 

(MACS-49) 


These  telemetry  points  monitor  the  two  axes  position  signals  from  each  CSS, 
after  being  conditioned  and  buffered  in  the  ACE*  Each  CSS  axis  signal  has  a 
linear  range  of  +25  degrees.  Thus  the  analog  telemetry  signal  is  in  saturation 
for  sun  angles  greater  than  25 #6  degrees  from  the  CSS  null  axis.  In  the 
saturated  region  the  proper  sense  is  indicated  with  0.0  VDC  output  for  negative 
spacecraft  rotations  and  5.12  VDC  output  for  positive  rotations*  Identical 
circuits  are  used  to  derive  each  telemetry  point,  with  a typical  circuit 
illustrated  in  Figure  3*7-5- 
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3.7.1.15  TAM  Error  Signal  Monitors 


TAM  1 Roll  Error  Signal 
TAM  1 Pitch  Error  Signal 
TAM  1 Yaw  Error  Signal 
TAM  2 Roll  Error  Signal 
TAM  2 Pitch  Error  Signal 
TAM  2 Yaw  Error  Signal 


(MACS-50) 
(MACS-51) 
(MACS-52) 
(MACS-53) 
(MACS- 54) 
(MACS-55) 


SYS- 10  26  6 
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These  telemetry  points  monitor  the  sensed  magnetic  field  in  each  of  three  axes 
with  independent  signals  being  generated  by  TAM  1 and  TAM  2*  Telemetry  outputs 
of  0 to  5 VDC  are  derived  from  sensed  magnetic  fields  in  the  range  +1000 
milligauss . Identical  circuits  are  used  to  derive  each  telemetry  point,  with  a 
typical  circuit  illustrated  in  Figure  3*7-6. 


* 
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3.7.1*16  Magnetic  Torquer  Drive  Monitors 

Roll  MAG  Torq  Drive  a (MACS-56) 

Roll  MAG  Torq  Drive  B (MACS-57) 

Pitch  MAG  Torq  Drive  A (MACS-58) 

Pitch  MAG  Torq  Drive  B (MACS-59) 

Yaw  MAG  Torq  Drive  A (MACS-60) 

Yaw  MAG  Torq  Drive  B (MACs-61) 

These  telemetry  points  monitor  the  current  being  used  to  drive  the  magnetic 
torauers,  after  being  conditioned  and  buffered  by  the  ACE.  Similar  circuits  are 
used  to  monitor  each  axis  with  a typical  derivation  circuit  illustrated  in 
Figure  3.3-7.  Each  roll/pitch  magnetic  torquer  drive  current  provided  by  the 
ACE  has  a linear  range  of  +57.8  ma,  corresponding  to  a magnetic  dipole  range  of 
+65,300  pole-cm.  Each  yaw  magnetic  torquer  drive  current  produced  by  the  ACE 
has  a linear  range  of  +143.5  ma,  corresponding  to  a magnetic  dipole  range  of 
+67,500  pole-cm. 
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3.7. 1.17  IRU  Rate  Monitors 

IRU  Roll  Rate  1 (MACS-62) 

IRU  Pitch  Rate  1 (MACS-63) 

IRU  Yaw  Rate  1 (MACS-64) 

IRU  Roll  Rate  2 (MACS-65) 

IRU  Pitch  Rate  2 (KACS-66) 

IRU  Yaw  Rate  2 (MACS-67) 


These  telemetry  points  monitor  the  three  axes  rate  signals  1 and  2 from  the  IRU, 
after  being  conditioned  and  buffered  in  the  ACE.  Each  IRU  analog  telemetry  rate 
signal  is  linear  over  the  range  +1*0  deg/sec,  remains  saturated  at  0 VDC  over 
the  range  -2.0  to  -1.0  deg/sec,  and  remains  saturated  at  5.1  VUC  from  1.0  to  2.0 
deg/sec.  No  useful  telemetry  is  available  for  rates  greater  than  +2.0  deg/sec. 
Identical  circuits  are  use 1 to  monitor  each  axis  with  a typical  derivation 
circuit  illustrated  in  Figure  3.7-8. 
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3*7*1.18  SRW  Drive  Control  Voltage  Monitors 


Roll  SRW  Drive  Control 
Pitch  SRW  Drive  Control 
Yaw  SRW  Drive  Control 
Skew  SRW  Drive  Control 


(MACS-68) 
(MACS- 69) 
(MACS-70) 
(MACS-71) 
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These  telemetry  points  monitor  SRW  drive  control  voltage  for  each  ACE  wheel 
drive  electronics  channel,  with  a linear  range  from  0 to  10.2  VDC.  Identical 
circuits  are  used  to  derive  each  telemetry  point,  with  a typical  circuit 
illustrated  in  Figure  3.7-9. 
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3.7.1.19  SRW  Motor  Voltage  Monitors 

Roll  SRW  Motor  Volts  (MACS-72) 
Pitch  SRW  Motor  Volts  (MACS-73) 
Yaw  SRW  Motor  Volts  (MACS-74) 
Skew  SRW  Motor  Volts  (MACS-75) 
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These  telemetry  points  monitor  SRW  motor  voltage  for  each  ACE  wheel  drive 
electronics  channel,  with  a linear  range  from  0 to  25.5  VBC . Identical  circuits 
are  used  to  derive  each  telemetry  point,  with  a typical  circuit  iixustrated  in 
Figure  3.7-9. 


3.7.1.20  SRW  Wheel  Speed  Monitors 


Roll  SRW  TACH  A 
Pitch  SRW  TACH  A 
Yaw  SRW  TACH  A 
Skew  SRW  TACH  A 
Roll  SRW  TACH  B 
Pitch  SRW  TACH  B 
Yaw  SRW  TACH  B 
Skew  SRW  TACH  B 


(MACS-76) 
(MACS-77) 
(MACS-78) 
(MACS-79) 
(MACS-80) 
(MACS-ei ) 
(MACS-82) 
(MACS-83) 


These  telemetry  points  monitor  SRW  TACH  output  after  being  conditioned  and 
buffered  in  the  ACE.  TACH  output  is  linear  over  the  range  +2400  rpm  and  is 
derived  as  shown  in  Figure  3.7-10. 


LSD-WPC-263 


3-122 


SVS-10266 
31  December  1981 


3.7.1.21  ACE  jK5  V Regulated  Voltage  Monitor 
ACE  A/B  +5  V REG  Voltage  (MACS-84) 

This  telemetry  point  monitors  the  ACE  A/B  +5  V regulated  voltage  and  is  derived 
as  shown  in  Figure  3.7-11.  The  relationship  between  the  +5  V regulated  voltage 
and  the  telemetered  signal  is  as  follows; 

V _ is  y /o 

+5V  TLM  v-!-5  REG  ' 

The  nominal  value  of  the  +5  V regulated  voltage  is  +5  ^0.5  VDG. 
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3*7*1*22  ACE  +15  V Regulated  Voltage  Monitor 
ACE  A/B  +15  V REG  Voltage  (HACS-85) 

This  telemetry  point  monitors  the  ACE  A/B  +15  V regulated  voltage  and  is  derived 
as  shown  in  Figure  3*7-12.  The  relationship  between  the  +15  V regulated  voltage 
and  the  telemetered  signal  is  as  follows: 

V+15  TLM  * V+L5  REG 

The  nominal  value  of  the  +15  V regulated  voltage  is  +15  +0.5  VDC . 
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3*7 .1 .23  ACE  -15  V_  Regulated  Voltage  Monitor 
ACE  A/B  -15  V REG  Voltage  (MAGS-86) 

This  telemetry  point  monitors  the  ACE  A/B  -15  V regulated  voltage  and  i#  derived 
as  shown  in  Figure  3.7-12.  The  telemetered  signal  is  also  dependent  &&  the  +15 
V regulated  voltage  in  accordance  with  the  following  relationship: 

V -15  TLM  «*  2°625  V -t-15  REG  + V-15  REG 
9.662 

The  nominal  value  of  the  -15  V regulated  voltage  is  -15  +1*5  T«1C* 


3.7.1.24  ACE  +28  V Regulated  Voltage  Monitor 
ACE  A/B  +28  V REG  Voltage  (MACS-87) 

This  telemetry  point  monitors  the  ACE  A/B  +28  V regulated  voltage  and  i*  derived 
| ' as  shown  in  Figure  3.7-13.  The  relationship  between  the  +28  V regulars  voltage 

and  the  telemetered  signal  is  as  follows: 

V+28  TIM  " V+28  REG  /'L1 

The  nominal  value  of  the  +28  V regulated  voltage  is  +28  +2 .5  7'Vj. 
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3*7*1.25  ACE  -18  V Regulated  Voltage  Monitors 

ACE  A “18  V REG  Voltage  (MACS-88) 

ACE  B “18  V REG  Voltage  (HACS-89) 


These  telemetry  points  monitor  the  ACE  A/B  “18  V regulated  voltage  and  is 
derived  as  shown  in  Figure  3 .7-14 * The  telemetered  signal  is  also  dependent  on 
the  '+15  V regulated  voltage  in  accordance  with  the  following  relationship: 


-IB  TLM 


3. 2425  x V_15  R£G  + V_18  REG 

12.5 


The  nominal  value  of  the  “18  V regulated  voltage  is  -18  +1*8  VDC. 
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3*7*1*26  ACS  Compensated  TAM  Signal  Monit.org 


ACE  A TAM  Roll  Compensated  Signal 
ACE  A TAM  Pitch  Compensated  Signal 
ACE  A TAM  Yaw  Compensated  Signal 
ACE  B TAM  Roll  Compensated  Signal 
ACE  B TAM  Pitch  Compensated  Signal 
ACE  B TAM  Yaw  Compensated  Signal 


(MACS-90  ) 
(MACS— 91 ) 
(MACS— 92) 
(MACS-93) 
(MACS -94) 
(MACS-95) 


These  telemetry  points  monitor  the  compensated  TAM  signals  used  by  the  ACE,  and 
includes  compensation  for  magnetic  torquer  field  couping  together  with  the 
addition  of  any  TAM  bias  signals.  Identical  circuits  are  used  to  derive  each 
monitor,  with  a typical  circuit  Illustrated  in  Figure  3*7-15*  The  compensated 
TAM  signals  are  linear  over  the  range  +400  milligauss* 
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3.7 .1.27  ACE  IRU  Position  Monitors 


ACE  A IRU  Roll  Position 
ACE  A IRU  Pitch  Position 
ACE  A IRU  Yaw  Position 
ACE  B IRU  Roll  Position 
ACE  B IRU  Pitch  Position 
ACE  B IRU  Yaw  Position 


(MACS -9 6) 

(MACS-97) 

(MACS-98) 

(MACS-99) 

(MAC S- 100) 

(MACS-101) 
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These  telemetry  points  monitor  the  three  axes  gyro  position  signals  after  being 
conditioned  and  buffered  in  the  ACE.  Each  analog  telemetry  position  signal  is 
linear  over  the  range  +58.25  degrees  ancj  is  derived  as  shown  in  Figure  3.7-15. 


3.7.2  DIGITAL  TELEMETRY  MONITORS 

The  Modular  Attitude  Control  Subsystem  utilizes  19  digital  telemetry  monitors, 
including  4 bilevel  digital  and  15  serial  digital  telemetry  points.  These 
points  are  listed  by  user  ID  in  Table  3.7-1  and  are  described  in  the  following 
paragraphs. 

3.7. 2.1  PSS  32-Bit  Data  (MACS-01) 

This  telemetry  function  consists  of  single  32-bit  words  telemetered  In  four 
8-bit  bytes  as  MACS-01.  Included  in  the  3 2- bit  FSS  data  are  two  14- bit  angular 
data  words,  sun  presence  status  and  FSS  power  status  as  defined  in  Figure 
3.7-16,  with; 


Bits 

Acronym 

Function 

1-14 

AFSSOUTY 

FSS  Angular  Data  Y-feis 

15 

AFSSUNP 

FSS  sun  presence 

16 

Unused  bit 

17-30 

AFSSONTX 

FSS  Angular  Data  X-^sdLs 

31-32 

AFSSPWR 

FSS  Power  Status 
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The  FSS  maintains  current  serial  data  in  its  output  shift  register  with  a 
maximum  time  interval  between  updating  of  16  milliseconds-  Data  word  updating 
is  inhibited  during  data  reads  until  four  serial  data  enables  have  been 
received.  The  Major  Frame  Rate  signal  is  used  as  an  initialization  signal  that 
causes  the  first  byte  (bits  1-8)  of  the  FSS  serial  telemetry  word  to  be 
transferred  to  the  RIU  during  the  next  FSS  serial  data  enable  received  from  the 
RIU . The  FSS  serial  telemetry  output  circuit  functional  block  diagram  is  shown 
in  Figure  3.7-17. 

The  FSS  Y axis  sun  angle  data  word  is  all  zeros  for  a +32  degree  rotation  about 
the  FSS  Y axis  and  the  FSS  X axis  sun  angle  shall  be  all  zeros  for  a -32  degree 
rotation  about  the  FSS  X axis.  The  coding  frraat  of  FSS  serial  telemetry  word 
angle  data  bits  is  in  Unsigned  Integer  Binary  format  as  indicated  in  Figure 
3 .7-18 . 
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3.7. 2. 2 IRU  144-Bit  Data 

ACE  A 144  Bit  IRU  Data  (MACS-G2) 

ACE  B 144  Bit  IRU  Data  (MACS-iO) 


These  telemetry  functions  consist  of  a single  144-bit  IRU  data  word  telemetered 
in  18  8-bit  bytes.  The  144-bit  IRU  data  is  comprised  of  six  24-bit  position 
words,  i.e.,  channel  1 and  2 roll,  pitch  and  yaw  signals,  as  shown  in  Figure 
3.7-19.  The  IRU  position  word  can  be  processed  to  the  telemetry  downlink  via  the 
C&DH  RIU  in  the  Computer  Mode.  In  the  IRU  Low  Rate  Mode  the  IRU  Posn  Word  LSB 
is  equal  to  0.03  arc  seconds  and  the  word  range  is  +116.3  degrees.  In  the  IRU 
High  Rate  Mode  the  IRU  Posn  Word  LSB  is  equal  to  0.8  arc  sec  and  the  word  range 
is  +1864  degrees.  The  ACE  ITP  maintains  current  IRU  data  in  its  memory  with  a 
maximum  time  interval  between  updating  of  16  milliseconds  with  no  interference 
from  data  word  updating  during  data  reads.  The  Major  Frame  Rate  signal  is  used 
as  an  initialization  sync  that  causes  the  first  byte  of  the  IRU  Posn  Word  to  be 
transferred  to  the  RIU  during  the  next  IRU  Position  Serial  Data  Enable  received 
from  the  RIU. 
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3 .7 .2  *3  SRW  64-Bit  TACH  Data 

ACE  A 64  Bit  TACH  Data  (MACS-03) 

ACE  B 64  Bit  TACH  Data  (MACS-11) 


The  TACH  Serial  Data  word  is  defined  in  Figure  3.7-20.  Eight  successive  Serial 
Data  telemetry  requests  in  the  Supervisory  Line  RIU  Channel  Address-Computer 
Only  slots  will  transfer  the  four  16  bit  TACH  words,  in  the  8 bit  byte  order 
shown  in  Figure  3.7-20,  from  the  ACE  via  the  RIU  and  over  the  Reply  Line  to  the 
CU  and  OBC.  In  the  Computer  Mode  the  TACH  Serial  Data  word  can  be  processed 
from  the  OBC  to  the  telemetry  downlink  via  the  C6DH  RIU.  Each  TACH  LSB  is  equal 
to  1/240  SRW  revolution.  Each  TACH  16  bit  word  range  is  *32,767/240  « 136.53 
revolutions,  ample  margin  considering  the  40  Rev/sec  SRW  sync  speed,  the  ACE 
ITP  maintains  current  TACH  Serial  Data  in  its  memory  with  a maximum  time 
interval  between  updating  of  16  milliseconds  and  with  no  interference  from  data 
word  updating  during  data  reads.  The  Major  Frame  Rate  signal  is  used  as  an 
initialization  sync  that  causes  the  first  byte  of  the  TACH  word  to  be 
transferred  to  the  RIU  during  the  next  TACH  Serial  Data  Enable  received  from  the 
RIU.  The  TACH  Serial  Data  word  should  not  be  enabled  from  the  RIU  when  the  MACS 
is  operating  in  the  Safehold  Mode. 
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3.7 .2*4  ACE  Component  Status 

ACE  A Component  Status  (MACS-04) 

ACE  B Component  Status  (MACS-12) 


Component  Status  Serial  Telemetry  is  provided  as  shown  in  Figure  3*7-21,  which 
consists  of  two  8-bit  bytes*  This  telemetry  function  defines  or  partially 
defines  magnetic  torquer  drive,  heater  power  and  the  status  of  the  ACE  4 Hz 
clock*  The  magnetic  torquer  power  bit  is  an  indication  that  the  15  V has  been 
switched  to  the  corresponding  torquer  drive  electronics.  A logic  Ml"  indicatess 
15  V power  on.  The  heater  power  bit  is  derived  from  the  FSU  relay  contact 
indicating  28  V power  has  been  switched  to  the  corresponding  heater  circuit, 
where  a logic  "0"  indicates  heater  power  on*  The  ACE  4 Hz  clock  bits  are 
derived  from  a countdown  of  the  RIU  1 .024  MHz  clock  and  are  interpreted  as  shown 
in  the  truth  table  of  Figure  3.7-21* 

Two  successive  Serial  Data  telemetry  requests  in  the  Supervisory  Line  RIU 
Channel  Address  TM/Computer  slots  transfer  the  16  bit  Component  Status  Serial 
Data  word  in  two  8 bit  tytes,  in  the  order  shown  in  Figure  3.7-21,  from  the  ACE 
to  the  RIU  and  over  the  Reply  Line  to  the  CU.  The  C&DH  Telemetry  format  control 
will  process  the  SDD  to  both  the  OBC  and  telemetry  downlink.  The  Component 
Status  Serial  Data  is  maintained  current  in  the  ACE  output  shift  requester  and 
data  ?ord  updating  is  inhibited  during  data  reads.  The  Major  Frame  Rate  signal 
is  used  as  an  initialization  signal  that  causes  the  first  byte  of  the  Component 
Status  Serial  Data  word  to  be  transferred  during  the  next  Component  Status 
Serial  Data  Enable  received  from  the  RIU. 
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3.7 .2*5  ACE  Safehold  Status 

ACE  A SHE  Status  (MACS-05) 

ACE  B SHE  Status  (MACS-13) 


Safehold  Status  Serial  Telemetry  is  provided  as  shorn  in  Figure  3.7-22 , which 
consists  of  three  8-bit  bytes.  Three  successive  Serial  Data  telemetry  requests 
in  the  Supervisory  Line  RIU  Channel  Address  TH/Computer  slots  transfers  the  24 
bit  Safehold  Status  Serial  Data  word  in  three  eight  bit  bytes,  in  the  order 
shown  in  Figure  3.7-22,  from  the  ACE  to  the  RIU  and  over  the  Reply  Line  to  the 
CU.  The  C&DH  telemetry  format  control  will  process  the  Serial  Data  to  both  the 
OBC  and  telemetry  downlink.  A logic  ”1”  in  the  Safehold  A/B  bit  in  the  Safehold 
Status  A/B  word  is  derived  from  the  5 VDC  power  switched  to  the  Safehold 
Electronics  A/B  and  its  associated  control  circuitry-  A logic  "1M  in  the 
Shuttle  Retrieval  bit  is  derived  from  the  receipt  of  the  Shuttle  Retrieval 
discrete  command  and  the  setting  of  a bilevel  for  control  In  the  Safehold  mode* 
The  remaining  bits  in  the  Safehold  Status  Serial  Data  st>rd  are  derived  from  Hie 
receipt  of  SM  command  4/7  and  the  setting  of  applicable  bilevels  for  selection 
of  sensor  inputs  and  thruster  control  in  the  Safehold  sxtde*  The  Safehold  > 'v  . 
Serial  Data  is  maintained  current  in  the  ACE  output  shift  register  and  da  *; 
updating  is  inhibited  during  data  reads.  The  Major  Frame  Rate  signal  is 
an  initialization  signal  that  causes  the  first  byte  of  the  Safehold  Status 
Serial  Data  word  to  be  transferred  during  the  next  Safehold  Status  Serial  Data 
Enable  received  from  the  RIU. 
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3. 7. 2,6  FHST  Serial  Telemetry 

FHST  1 Word  1 16-Bit  Data  (MACS-06) 

FHST  1 Word  2 16-Bit  Data  (MACS-07) 

FHST  2 Word  1 16-Bit  Data  (MACS-08) 

FHST  2 Word  2 16-Bit  Data  (MACS-09) 


FHST  1/FHST  2 Serial  Telemetry  consists  of  two  16-bit  words  as  defined  in  Figure 
3.7-23.  The  FHST  data  interface  with  the  RIU  is  shown  in  the  functional  block 
diagram  of  Figure  3.7-24.  Two  successive  Serial  Data  Channel  8 and  two 
successive  Channel  9 telemetry  requests  in  the  Supervisory  Line  RIU  Channel 
Address  TM/ Computer  slots  will  transfer  the  Serial  Data  from  the  FHST  1 via  the 
RIU  and  over  the  Reply  Line  to  the  CU.  The  C&DH  telemetry  format  control  will 
process  the  Serial  Data  to  both  the  OBC  and  telemetry  downlink.  The  OBC  can 
also  receive  the  FHST  1 Serial  Data  in  response  to  Telemetry  Address  requests  in 
the  Supervisory  Line  RIU  Channel  Address,  Computer  Only,  slots.  Similarly  for 
FHST  2 via  channels  10  and  11.  In  each  case  the  Minor  Frame  Rate  Signal  is 
employed  as  an  initialization  signal  that  causes  the  first  byte  (bits  1-8)  of 
each  FHST  data  word  to  be  transferred  during  the  next  corresponding  SDD  Enable 
signal. 

Each  FHST  word  is  transferred  MSB  first  with  data  bits  1 through  12  in  2's 
Complement  format.  Each  of  the  remaining  status  bits  in  Figure  3.7-23  are  true 
when  a logic  1 is  present  on  the  Serial  Data  word. 
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3 .7 .2.7  ACE  24-Bit  Computer/ Pays  Status  Word 

ACE  A 24-Bit  Computer/Pays  Word  1 (MACS-14) 

ACE  B 24-Bit  Computer/Pays  Word  1 (MACS-15) 


Computer/Pays  Status  Serial  Telemetry  is  provided  as  shown  in  Figure  3*7-25* 
which  consists  of  three  8-Jbit  bytes*  Three  successive  telemetry  requests  in 
Supervisory  Line  RIU  Channel  Address  TM/Computer  slots  transfers  the  24  bit 
Serial  Data  word  in  three  8 bit  bytes  in  the  order  shown  in  Figure  3.7-25,  from 
the  ACE  to  the  RIU  and  over  the  Reply  Line  to  the  CU*  The  C&DH  telemetry  format 
control  will  process  the  Serial  Data  to  both  the  OBC  and  telemetry  downlink. 
The  four  most  significant  bits  of  this  status  word  indicate  the  receipt  of  an 
OBC  Enable  or  Payload  Sensor  (Fine  Error  Sensor)  Enable  Select  Command  for 
reaction  wheel  control  in  the  computer  mode.  (It  should  be  noted  that  the 
reaction  wheels  respond  to  Safehold  Electronics  inputs  in  the  Safehold  Mode 
regardless  of  the  Serial  Data  status  telemetry  indication.)  The  fifth  and  sixth 
most  significant  bits  of  this  status  Serial  Data  ‘Word  indicate  the  position  of* 
Separation  Switch  A and  Separation  Switch  B and  the  remaining  bits  are  spares* 
The  status  data  is  maintained  current  in  the  ACE  output  shift  register  and  data 
word  updating  is  inhibited  during  data  reads.  The  Major  Frame  Rate  signal  is 
used  as  an  initialization  signal  that  causes  the  first  byte  of  the  Status  Serial 
Data  word  to  be  transferred  during  the  next  Computer/Pays  SDD  Enable  received 
from  the  RIU. 
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3,7. 2.8  Bilevel  Word  01  (MACS-16) 

This  telemetry  function  consists  of  eight  bilevel  status  bits  combined  to  form 
telemetry  word  MACS- 16 • The  bits  define  or  partially  define  the  status  of  the 
IRU  and  star  trackers.  Bilevel  word  01  is  defined  as: 

Bit  Weight  7?  2^  2^  2^  2^  2^  2*  2^ 


User  ID  <— — — MACS'-16— > 

Bit  ID  BO  B1  B2  B3  B4  B5  B6  B7 

Bit  Function 

BO  IRU  Channel  A Range  Low/High 

B1  IRU  Channel  B Range  Low/High 

B2  IRU  Channel  C Range  Low/High 

B3  IRU  Channel  A Power  On/Off 

B4  IRU  Channel  B Power  On/Off 

B5  IRU  Channel  C Power  On/Off 

B6  FHST  1 Power  On/Off 

B7  FHST  2 Power  On/Off 


Bits  0,  1 and  2 indicate  IRU  channel  A,  B and  C rate  range  respectively.  Each 
IRU  range  status  bilevel  is  derived  from  a corresponding  relay  contact  In  the 
IRU.  An  open  relay  contact  corresponds  to  a bilevel  zero,  Indicating  high  rate 
range. 


Bilevel  Status 


Bit 

Acronym 

_1 

0 

BO 

AIRUARNG 

Low  Rate 

High  Rate 

B1 

AIRUBRNG 

Low  Rate 

High  Rate 

B2 

AIRUCRNG 

Low  Rate 

High  Rate 

Bits  3 thru  7 indicate  IRU  channel,  FHST-1  and  FHST- 2 power  status.  Each  power 
status  bilevel  is  derived  from  the  corresponding  latching  relay  position  in  the 
PSU.  A telemetry  contact  in  parallel  with  each  PSU  contact,  switching  power  to 
each  IRU  channel  or  FHST,  provides  the  ACE  with  a logic  signal  which  it 
conditio^  1 buffers.  Bilevel  status  is  defined  as: 


Bilevel  Status 


Bit 

Acronym 

_1 

0 

B3 

AIRUAPWR 

On 

Off 

B4 

AIRUBPWR 

On 

Off 

B5 

AIRUCPWR 

On 

Off 
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B6  AST1PWR  On  Off 

B7  * ST2PWR  On  Off 


3,7 .2.9  Bilevel  Word  02  (MACS-17) 


This  telemetry  function  consists  of  eight  bilevel  status  bits  combined  to  form 
telemetry,  word  MACS-19.  The  bits  define  or  partially  define  the  status  of  the 
TAM  power,  ACE  power,  launch  mode,  solar  array  index  and  CSM  timer.  Bilevel  word 
02  is  defined  as: 


Bit  Weight  7?  2^  1?  2 * 2^  2^  2*  ; 

User  ID 

< MACS-16 

Bit  ID 

BO  B1  B2  B3  B4  B5  B6  ] 

Bit 

Function 

BO 

TAM  1 Power  On/Off 

B1 

TAM  2 Power  On/Off 

B2 

ACF  A Power  On/ACE  B Power  On 

B3 

Launch  Mode  A Yes/No 

B4 

S/A  Index  I Status 

B5 

S/A  Index  2 Status 

B6 

CSM  A Timer  Time out/ No  Timeout 

B7 

CSM  B Timer  Timeout/No  Timeout 

Bits  0 and  1 indicate  TAH  1 and  TAM  2 power  status  respectively.  A telemetry 
contact  in  parallel  with  each  ACE  relay  contact,  switching  power  to  each  TAM, 
provides  the  logic  signal  which  the  ACE  conditions  and  buffers  for  telemetry. 


Bilevel  Status 


Bit 

Acronym 

1 

0 

BO 

ATAMIPWR 

On 

Off 

B1 

ATAM2PMR 

On 

Off 

Bit  2 indicates  ACE  A/B  power  status.  ACE  logic  converts  the  ACE  A and  B -i-5  VDC 
regulated  voltage  to  a bilevel  output  defined  as  follows: 


Bilevel  Status 


Bit 

Acronym 

i 

0 

B2 

AA0NB0FF 

ACE  A On 

ACE  B On 

3-137 


LSD-WPC-263 


Bit  3 indicates  launch  mode  A status,  derived  from  separation  switch  logic  and 
the  separation  signal  override  discrete  command. 


Bilevel  Status 


B3  ALMA  Yes  No 


Bits  4 and  5 indicate  solar  array  index  switch  positions  defined  as  follows: 


Bilevel  Status 


Bit 

Acronym 

.1 

0 

B4 

ASAINDl 

Open 

Closed 

B5 

ASAIND1 

Open 

Closed 

Bits  6 and  7 indicate  an  interruption  in  the  OBC  discrete  command  pulse  train  to 
the  ACE  as  derived  by  each  CSM  timer.  Once  having  timed  out,  the  CSM  timer  may 
be  reset  by  the  corresponding  CSM  inhibit  discrete  command. 


Bilevel  Status 


Bit 

Acronym 

l 

0 

B6 

ACSMATM 

Timeout 

No  Timeout 

B7 

ACSMBTM 

timeout 

No  Timeout 

3*7.2.10  Bilevel  Word  03  (MACS-18) 

This  telemetry  function  consists  of  eight  bilevel  status  bits  combined  to  form 
telemetry  word  MACS-18.  The  bits  define  or  partially  define  CSM,  SRW  and  launch 
mode  B status.  Bilevel  word  03  is  defined  as: 

Bit  Weight  27  26  25  24  23  22  21  2° 

User  ID  < MACS-18 — ~> 

Bit  ID  BO  B1  B2  E3  B4  B5  B6  B7 

Bit  Function 

BO  CSM  A Inhibited/Enabled 

B1  CSM  B Inhibited/Enabled 

B2  Roll  Wheel  Enabled/Disabled 

B3  Pitch  Wheel  Enabled/Disabled 

B4  Yaw  Wheel  Enabled/Disabled 

B5  Skew  Wheel  Enabled/Disabled 

B6  Launch  Mode  B Yes/No 

B7  Unused  Bit 
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The  CSM  Inhibit  bilevel  telemetry  (BO,  Bl)  is  derived  from  the  corresponding  CSM 
inhibit /enable  logic  as  selected  via  discrete  command* 


Bilevel  Status 

Bit  Acronym  1 0 


BO 

ACSMAED 

Inhibited 

Enabled 

Bl 

ACSMBED 

Inhibited 

Enabled 

Bits  B2 

thru  B5  indicate 

reaction  wheel  status 

. A wheel  enable 

bilevel  becomes 

a logic 

1 only  when  power 

has  beer 

* switched  to 

the  corresponding 

ACE 

wheel  drive 

electronics  and  the  ACS  enable  Is 

true. 

• Bilevel 

Status 

Bit 

Acronym 

1 

0 

B2 

AXWHED 

Enabled 

Disabled 

£3 

AYWHED 

Enabled 

Disabled 

B4 

AZWHED 

Enabled 

Disabled 

B5 

ASWHED 

Enabled 

Disabled 

Bit  6 Indicates  launch  mode  B status,  derived  from  separation  switch 

logic  and 

the  separation  signal  override  discrete  command 

Bilevel 

Status 

Bit 

Acronym 

l 

0 

B6 

ALMB 

Yes 

No 

3.7.2.11  Bilevel  Word  04  (MACS- 19) 

This  telemetry  function  consists  of  eight  bilevel  status  bits  combined  to  form 
telemetry  word  MACS- 19 . The  bits  define  the  status  of  the  MACS  module  remote 
interface  and  expander  units.  Bilevel  word  04  Is  defined  as: 

Bit  Weight  27  26  25  2*  23  22  21  2° 

User  ID  < — - — MACS-19 *— > 

Bit  ID  BO  Bl  B2  B3  B4  B5  B6  B7 
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Bit 

Function 

BO 

Unused 

bit 

B1 

Unused 

Bit 

B2 

Unused 

Bit 

B? 

Unused 

Bit 

B 4 

Unused 

Bit 

B5 

Unused 

Bit 

B6 

RIU  02 

Mate  Standby  1/Off 

B7 

RIU  02 

B On/A  On 

Bits  6 and  7 indicate  the  status  of  RIU-EU  A/RXU-EU  B,  either  of  which  can  be  in 
one  of  three  modes;  Off,  Standby  1,  or  On.  Note,  both  RXU's  cannot  be  on 
simultaneously.  Bit  6 (ARIUMATE)  indicates  the  state  of  the  mate  to  the  current 
RIU  in  use.  Bit  7 (ARIUXD)  indicates  which  RIU  is  currently  in  use.  Together 
these  two  bits  define  RIU-EU  Status,  defined  as  follows: 


ARIUXD 

AKIUMATE 

RIO-EU 

Status 

B7 

B6 

A 

B 

0 

0 

On 

Off 

0 

1 

On 

Standby  1 

1 

1 

Standby  1 

On 

1 

0 

Off 

On 
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3.7.3  ESAM  TELEMETRY 

Operation  of  the  Earth  Sensor  Assembly  Module  is  monitored  via  16  active  analog 
telemetry  channels.  Ho  conditioned  (passive)  analog 5 bilevel  or  serial 
telemetry  is  available. 

The  telemetry  points  are  listed  in  Table  3.7-3  and  described  in  Paragraphs 
3. 7. 4.  1.1  thru  3 .7.5.1  .A • Telemetry  limits  appear  in  Table  3.7-4;  derivation 
circuits  appear  in  Paragraph  3. 7.5.3. 
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3-7.4  TELEMETRY  DERIVATION  CIRCUITS 

This  section  provides  functional  schematics  of  the  telemetry  circuits  referenced 
in  the  preceding  paragraphs.  The  schematics  have  been  simplified  and  are 
provided  as  an  aid  to  understanding  the  telemetry  Interface. 
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3.7.3«1  Analog  Telemetry  Monitors 

The  Earth  Sensor  Assembly  Module  utilizes  16  active  analog  telemetry  points. 
These  points  are  listed  by  user  ID  In  Table  3 .7—3  and  3*7—4  for  telemetry  matrix 
location  and  operating  limits  respectively*  The  following  paragraphs  describe 
these  telemetry  monitors* 

3. 7. 3.1.1  Attitude  Monitors 

ESA-1  Pitch  Fine  Error  (ESAM-01) 

ESA-1  Pitch  Coarse  Error  (ES AM-02) 

ESA-1  Roll  Fine  Error  (ESAM-03) 

ESA-1  Roll  Coarse  Error  (ESAM-04) 

ESA-2  Pitch  Fine  Error  (ESAM-05) 

ESA-2  Pitch  Coarse  Error  (ESAM-06) 

ESA-2  Roll  Fine  Error  (ESAM-07) 

ESA-2  Roll  Coarse  Error  (ES AM-08) 

These  telemetry  points  monitor  the  spacecraft  pitch  and  roll  attitude  errors  as 
measured  by  earth  sensor  ESA-1  and  ESA-2*  A coarse  and  fine  telemetry  point  is 
provided  in  each  axis  with  approximate  slopes  of  50  rav/deg  and  500  mv/ deg 
respectively.  Coarse  telemetry  becomes  saturated  at  approximately  4-35  degrees 
while  fine  saturation  occurs  at  45  degrees.  A circuit  typical  of  the  derivation 
of  these  telemetry  points  is  presented  in  Figure  3.7-26. 

3*7. 3. 1-2  Signal  Status  Monitors 

ESA-1  Signal  Status  (ESAM-09) 

ESA-2  Signal  Status  (ESAM-10) 

These  telemetry  points  monitor  the  status  of  Earth  Sensor  ESA-1  and  ESA-2 

attitude  signals.  Each  telemetry  point  consists  of  four  bi-levels  combined  into 

one  analog  signal  indicating  the  status  of: 


ESA  Logic 

Horizon  Crossing  Trailing  Edge 
Horizon  Crossing  Leading  Edge 
Horizon  Crossing 


Logic  State 

1 «*  Enable  0 **  Disable 

1 « Present  0 ® Not  Present 

1 « Present  0 - Not  Present 

1 Normal  0 **  Reversed 


i 
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The  bi-levels  are  combined  as  follows: 

Signal  status  (volts)  « c[1.0(ESA  logic  state)  4*2.0  (trailing  edge  logic 
state)  4-4.0  (leading  edge  logic  sate  4*  8.0  (horizon  crossings  logic 

state)] 

c * 0.333  (volts) 

The  normal  on  orbit  configuration  will  be  such  that  all  indicators  are  at  a 
logic  level  1,  resulting  in  a signal  status  voltage  of  5.00  volts.  The  signal 
status  telemetry  is  formed  from  the  logic  circuit  shown  in  Figure  3.7-27. 


Sensor  Status  Monitors 


ESA-1  Sensor  Status  (ESAM-11) 

ESA-2  Sensor  Status  (ESAM-12) 


These  telemetry  points  monitor  the  operating  status  of  Earth  Sensor  ESA-1  and 
ESA-2.  Each  telemetry  point  consists  of  four  bi-levels  combined  into  one  analog 
signal  indicating  the  status  of : 


ESA  Heater 
ESA  Power 
Scanner  Rotation 
Sun  Presence 


Logic  State 

1 » Disable 
1 Enabled 
1 « No  Rotation 
1 « Not  Present 


0 Enabled 
0 « Disabled 
0 « Rotation 
0 «*  Present 


The  bi-levels  are  combined  as  follows: 


Sensor  status  (volts)  c[1.0(Heater  logic  state)  4-2.0  (power  logic  state) 
4-  4.0  (scanner  rotation  logic  sate  4*  8.0  (sun  presence  logic  state)] 


c m 0.333  (volts) 


The  normal  on  orbit  configuration  will  be  with  the  heater  disabled,  power  on, 
scanner  rotating  and  no  sun  presence,  corresponding  to  a sensor  status  voltage 
of  3.66  volts.  The  sensor  status  telemetry  signal  is  formed  from  the  logic 
circuit  shown  in  Figure  3.7-28. 
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3.7. 3.1.4  Temperature  Monitors 


ESA-1  Temperature  (ESAM-13) 

ESA-2  Temperature  (ESAM-14) 

ESA-1  Bolometer  Temperature  (ESAM-15) 

ESA-2  Bolometer  Temperature  (ESAM-16) 

These  telemetry  points  monitor  Earth  Sensor  ESA-1  and  ESA-2,  Assembly  and 
Bolometer  temperatures.  The  assembly  temperature  telemetry  is  a monitor  of  the 
temperature  external  to  the  Earth  Sensor  scanners  * positioned  such  that  it 
measures  the  same  temperature  regulating  heater  operation.  The  Bolometer 
temperature  is  a monitor  of  the  temperature  internal  to  the  scanner.  Identical 
circuits  are  used  to  monitor  both  temperatures  as  illustrated  in  Figure  3.7-29. 


3. 7,3. 2 Digital  Telemetry  Monitors 

No  digital  bi-level  or  serial  telemetry  is  available  from  the  Earth  Sensor 
Assembly  Module. 
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Figure  3.7-1.  Passive  Analog  Temperature  Telemetry 
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Figure  3.7-2.  FHST  Analog  Telemetry 
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FIGURE  3,7-4  IRU  MOTOR  CURRENT  TELEMETRY 
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FIGURE  3.7-5  CSS  POSITION  EP.RCR  TELEMETRY 
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Figure  3.7-7.  llagnetlc  Torquer  Drive  Telemetry 
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FIGURE  3.7-9  SRW  DRIVE  CONTROL/MOTOR  VOLTAGE  TELEMETRY 
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FIGURE  3.7-10  SRW  WHEEL  SPEED  TELEMETRY 
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Figure  3.7-11,  ACE  +5  Volt  Telemetry 
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Figure  3.7—12.  ACE  +15  Volt  Telemetry 
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Figure  3.7-13.  ACE  *f28  Volt  Telemetry 
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Figure  3.7-15.  ACE  Compensated  TAM/I.RU  Position  Telemetry 
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Figure  3.7-16  FSS  SERIAL  TELEMETRY  FORMAT 
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Figure  3.7-17  FSS  Functional  Block  Diagram 
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Figure  3.7-18.  FSS  X/Y  Axis  Attitude  Telemetry  Format. 
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FHST  Word  1 

Bit  1 

Horizontal  Star  Position  (Sign  - 

MSB) 

Bits  2-12 

Horizontal  Star  Position  (Bit  12 

- LSB) 

Bit  13 

Not  Used 

Bit  14 

Optics  Shutter  Closed  by  BOA 

Bit  15 

Star  Present 

Bit  16 

Optics  Shutter  Closed  by  TS 

FHST  Word  2 

Bit  1 

Vertical  Star 

Position  (Sign  - MSB) 

Bits  .2-12 

Vertical  Star 

Position  (Bit  12  - LSB) 

Bit  13 

Not  Used 

Bit  14 

Power  Supply  not  out  of  tolerance 

Bit  15 

Not  Used 

Bit  16 

Not  Used 

Figure  3.7-23.  FKST  Serial  Telemetry  Definition. 
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Figure  3.7-25  Telemetry  Compute r/Pay a Enable  Status  SDD  Format  (MACS  Module  #2  and  Subsequent) 
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JCOMMUNI  CATIONS  AND  DATA  HANDLING  SUBSYSTEM  (C&DH) 

The  Communications  and  Data  Handling  Subsystem  consists  of  the  follov?ing 
components: 

1.  On  Board  Computer  (OBC)  and  Memories 

2.  Standard  Telemetry  and  Command  Components  (STACC)  Central  Unit  (CD) 

3.  STACC  Interface  Unit  (STINT)  - 

4.  Multiplex  Data  Bus  (MDB) 

5.  Bus  Coupling  Unit  (BCU) 

6.  Remote  Interface  Unit  (.RID) 

7.  Expander  Unit  (EU) 

8.  Power  Control  Unit  (PCU) 

9.  Pre  Modulator  Processor  (PMP) 

10.  Narrowband  Tape  Recorder  (N.BTR) 

11.  Transponder 

12.  R.F.  Switch 

13.  Diplexer 

14.  S-Band  Omni  Antenna 

13.  High  Gain  Antenna 


The  Communications  and  Data  Handling  (C&DH)  module  is  a integral  subsystem  of 
the  NASA  Multimission  Modular  Spacecraft  (MMS)  which  is  the  vehicle  for  the 
Landsat-D.  The  C&DH  subsystem  provides  the  capability  to  transmit  Landsst-D 
telemetry,  receive /process  and  distribute  commands,  transmit  ranging  and 
generate  timing  data.  The  spacecraft  telemetry  consists  ox  realtime  telemetry 
from  the  various  subsystems  and  High  Rate  Channel  Data  which  is  Computer  Memory 
Dumps,  Payload  Correction  Data  or  Narrowband  Tape  Recorder  (NBTR)  Playback.  The 
subsystem  retrieves  the  telemetry  stream  from  the  appropriate  source  and  encodes 
the  telemetry  stream  into  proper  modulated  form  for  transmission  via  the 
transponder  transmitter  to  either  TDRSS,  GSTDN  or  both.  Commands  received  by 
the  Transponder  receiver  are  processed  by  the  C&DH  subsystem  and  distributed  to 
the  various  spacecraft  subsystems.  These  commands  consist  of  Immediate  commands. 
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delayed  commands  and  OBC  memory  loads*  The  components  listed  above  comprise  the 
C&DH  Subsystem  and  a diagram  of  the  system  is  shown  in  Figure  4-1. 

4.1  FUNCTIONAL  DESCRIPTION 

4.1.1  C&DH  FUNCTIONAL  DESCRIPTIONS 

The  C&DH  Subsystem  includes  the  following  components  as  shown  in  Figure  4.1-1: 

1.  On-Board  Computer  (OBC)  and  Memories  (see  Section  6.0) 


2. 

STACC  Central  Unit  (CU) 

3. 

STINT 

4. 

Multiplex  Data  Bus  (MDB) 

5. 

Bus  Coupling  Unit  (BCU) 

6. 

Remote  Interface  Unit  (RIU) 

4. 

Expander  Unit  (EU) 

8. 

Power  Control  Unit  ( PCU ) 

9. 

Pre-Modulator  Processor  (PMP) 

10. 

Narrowband  Tape  Recorder  (NBTR) 

(see 

Section  5.0) 

11. 

Transponder 

12. 

R.F.  Switch 

13. 

Diplexer 

14. 

Omni  Antenna 

15. 

High  Gain  Antenna,  S-band  only 

(see 

Section  13.0) 
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Simplified  Diagram  of  C&DH  Subsystem 
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4*1. 1.1  RF  Antennas  and  Switching 

The  RF  signals  to  and  from  the  redundant  transpose  ? rs  are  applied  to  the  four 
antenna  porta  as  indicated  in  the  bio'  k diagram  of  Figure  4*1-2.  Operation  is 
in  the  S-R&ud  frequency  range-  Command  controlled*  m&ngetical^y  latched,  RF 
transfer  switches  are  employed  in  the  trac.sm.vt  signal  path  to  allow  either 
transmitter's  output  signal  to  be  switched  between  the  high  ^ain  and  omai 
antenna  ports*  In  the  high  ain  mode,  the  transfer  switches  also  provide  a 
matched  load  to  the  unused  dipleKer  transmit  port. 

The  forward  link  signals  to  the  transponders^  receiver  input < are  not  switched* 
These  are  always  connected  to  the  omni  ports. 

A, 1.1. 1.1  RF  Switch  Control 

There  are  four  discrete  commands  associated  with  the  antenna  feeds*  These  are 
applied  to  the  transfer  switches  via  the  PCU  and  are  listed  in  Section  4*6. 

There  are  uhree  RF  configuration  commands.-  In  order  to  effect  a configuration 
command,  it  is  first  necessary  that  the  RF  Switch  28V  Bus  selected  be  consistent 
with  the  RIU  in  use,  e.g.,  for  RIU-A  the  “28V  Bus  A for  RF  Switch"  discrete 
command  position  is  required*  After  the  latter  latched  condition  is  obtained, 
the  three  RF  configuration  commands  can  be  used  to  achieve  the  transmitter  feed 
} conf igurstions  shown  below.  Note  that  each  command  results  in  the  simultaneous 

reconfiguration  of  both  transmitter  feeds* 

Transmitter  RF  Feed  Configurations 


ENABLE 

Transmitter  A 

Transmitter  B 

RF  Configuration 

Transmit  Antenna 

Transmit  Antenna 

I 

Omn  i I 

High  Gain  j 

II 

High  Gain 

Otsni  II 

III 

Omn  i I 

Omni  I I ’ 

The  configuration  commands  can  be  supplied  redundantly  from  RIU  A and  B.  The 
bus  select  commands,  however  are  dedicated  to  the  KIlTe  as  indicated  in  TBD* 
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Figure  4.1-2.  RF  Switch* ng 
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4 . 1 . 1 . 2 Transponder 

Ljndsat-D  employs  redundant  transponders . Each  transponder  consists  of  separate 
components:  the  transmi tier-receiver*  diplexer , band  reject  filter,  etc.  The 

interconnect ion  between  the  above  three  components  as  a function  of  the 
commanded  RF  configuration  is  shown  in  Figure  4.1-3. 

The  transponder  can  be  configured,  by  ground  command,  to  provide  the  capability 
for  both  realtime  spacecraft  telemetry  and  high  rate  channel  telemetry  through 
the  TDRS  (single  access  or  multiple  access)  and  the  GSTDN  simultaneously,  if 
required.  Receiver  operation  is  at  the  assigned  frequency  of  2106.4  KHz,  and 
transmission  frequency  is  2287.5  MHz.  The  same  frequency  assignments  are  used 
for  both  transponders.  Transmit  power  is  5 watts,  nominal.  The  transponder  can 
be  operated  in  either  coherent  mode  or  non-coherent  ©ode* 

The  GSTDN  forward  link  command  (or  data)  is  recovered  by  detection  of  the 
Incoming  PSK/0M  RF  signal.  The  latter  consists  of  an  NRZ-M,  2000  !*ps  baseband 
signal,  PSK  modulated  (+90°)  on  a 16  KHz  subcarrier,  which  is  phase  modulated  on 
the  carrier.  The  GSTDN  return  link  transmission  employs  F0M/0M  with  nominally 
20%  residual  carrier.  The  FDM  signal  is  obtained  from  the  PMP  and  consists  of 
R/T  telemetry  data  (nominally  8 Kbps)  PSK  modulated  on  a 1.024  MHz  subcarrier 
(Bi  0-M  coded),  plus  High  Rate  Channel  Data  (Computer  Dump,  PCD  at  1 Kbps/32 
Kbps  or  N.BTK  Playback  at  128  or  256  Kbps)  occupying  the  frequency  spectrum  below 
the  subcarrier.  The  choice  of  data  channels  from  the  PM?  is  cosmad  controlled, 
and  either  a single  channel  or  two  channels  (FDM  as  above)  can  be  provided  to 
the  transmitter. 

The  TDRSS  forward  link  employs  quadrature  channels,  one  for  command,  the  other 
for  ranging.  Each  is  PSK  modulated  by  a nominally  3 M- chips  per  second  PN  code. 
The  command  signal  Is  NRZ-M  coded  at  either  125  bps  or  1 ,000  bps,  and  is 
contained  as  a module  2 addition  to  the  command  channel  PN  code.  The  ranging  PN 
channel  does  not  contain  any  superimposed  data.  The  cossmand  to  ranging  channel 
power  ratio  is  10:1.  The  TDRSS  return  link  also  utilizes  quadrature  channels. 
These  are  termed  I and  Q.  By  command  control,  either  can  be  PSK  modulated  with 
a PN  code  of  3M  chips  per  second  (PN/SQPSK).  The  I channel,  containing  the  R/T 
telemetry  data  will  employ  the  PN  code.  The  Q channel,  containing  a choice  of 
one  of  two  data  channels,  the  latter  under  coor&and  control  from  the  PMP,  will 
use  the  PN  code.  The  I channel  R/T  telemetry  data  is  NRZ-M  coded  and  module  2 
added  to  the  PN  code.  The  Q channel  baseband  data,  also  NRZ-M  coded,  provides 
direct  PSK  modulation  of  the  quadrature  carrier.  There  are  85  possible  PN  code 
sets.  Landsat-D  uses  PN-2  and  Landsat-D  Prime  uses  .F.K-3  (see  GSFC  STDN  108  for 
definition).  The  (quadrature)  carriers'  Q to  I power  ratio  is  4:1. 
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At  baseband,  for  the  return  link  transmission,  signals  can  be  obtained  from 
either  PKP-A  or  PMP-8  to  either  the  A or  B transmitter-  {See  Figure  4 . 1-4 . ) A 
command  controlled  Normal-Reverse  switch  (S6),  contained  within  the  PMP, 
provides  for  this  passive  cross-strapping.  The  Normal  position  simultaneously 
connects  PMP-A  to  transmitter  A and  PMP-B  to  transmitter  B.  The  reverse 
position  results  in  an  A to  B,  and  B to  A configuration*  The  detected  forward 
link  command  is  supplied  from  each  receiver  to  both  CU-A  and  CU-B, 
simultaneously  (active  cross-strap).  (See  Figure  4.1-5.) 

In  addition  to  forward  link  commanding  by  RF,  there  is  also  available  a baseband 
command  mode.  This  is  obtained  via  hardline  to  the  command  detectors  in  the 
transponders.  The  signal  required  is  a 15  KHz  subcarrier,  PSK  modulated,  by  the 
command,  at  2 Kbps,  NRZ-M  coded. 

4. 1.1. 2.1  Command  Data  Detection 


In  the  TDRSS  Mode,  the  command  data  Is  recovered  from  the  Forward  Link  spreading 
code  and  is  chopped  with  a 16  kHz  square  wave  prior  to  delivery  to  the  Command 
Detector  Unit  (CDU).  In  the  GSTDN  Mode,  the  16  kHz  subcarrier  containing  the 
command  data  is  deliverd  to  the  CDU. 

Based  on  whether  a TDRSS  or  a GSTDN  signal  was  acquired,  the  CDU  is 
automatically  configured  by  the  transponder's  internal  digital  subsystem  to 
accept  either  the  TDRSS  digital  bit  stream  or  the  GSTDN  16  kHz  biphase  <*  12) 

modulated  subcarrier.  The  CDU  delivers  to  the  CU  the  original  command  bit 
stream,  a clock  timing  and  an  "in-lock"  signal  (Figure  4.1-6) . 

4. 1.1. 2. 2 Transmit  Return  Link  Telemetry 

The  transmitter  in  the  Transponder  has  inputs  for  two  digital  telemetry  data  bit 
streams  in. the  TDRSS  Mode  and  two  analog  telemetry  signals  in  the  GSTDN  Mode. 
The  two  TDRSS  data  bit  streams  modulo-2  added'  to  internally-generated  PN  codes 
and  transmitted  independently  on  the  In-phase  (I)  Channel  and  the  Quadrature  (Q) 
Channel  as  Staggered-Quadriphase-Phase-Shif t-Keyed  (SQPSK)  modulation  on  the  S- 
Band  Return  Link.  Only  one  of  the  two  GSTDN  analog  signals  are  sutmaed  in  a 
linear  network  and  transmitted  as  residual-carrier  phase  modulation  on  the  S- 
Band  Return  Link. 
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Figure  4,1-4.  PMP-Transponder  Interface  Return  Link 
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The  relative  distribution  modulation  energy  between  Q Channel  and  the  I Channel 
is  a 4:1  ratio.  The  GSTDN  phase  modulation  index  can  be  coiitmanded  LOW  or  HIGH. 
Both  the  TDRSS  and  the  STDN  telemetry  channels  can  be  turned  ON/OFF  by  external 
command,  as  well  as  the  GSTDN  Tone  Ranging  Channel,  which  is  linearly  summed 
with  the  GSTDN  telemetry  input. 

The  spreading  code  for  the  TDRSS  Return  Link  is  obtained  from  the  transponder 
internal  digital  subsystem.  Modulation  mode  control  permits  reconf iguration  of 
the  phase  modulator  network  to  deliver  to  the  S-Band  power  amplifier  stage  any 
one  of  the  following: 

1.  Residual  carrier,  linearly  phase-modulated  (GSTDN). 

2.  Suppressed-carrier  SQPSK , PN  internally-supplied  (TDRSS). 

3.  Suppressed-carrier  Biphase  modulated  bit  stream  or  PN  on  the  Q Channel 
and  PN  on  the  I Channel  (TDRSS). 


The  configuration  of  the  transmitter  and  the  selection  of  the  modulation  sources 
and  levels  for  TDRSS  or  GSTDN  operation  is  automatically  accraplished  by  the 
digital  subsystem,  based  on  the  Forward  Link  mode  being  received  by  the 
transponder,  external  commands  and  fixed  programming. 

Following  modulation,  the  S-Band  signal  is  amplified  to  the  desired  output 
level.  The  output  filter/isolator,  which  protects  the  transmitter  from  shorts  or 
opens  on  the  antenna  line,  also  contains  power  monitors  for  telemetering  the 
forward  and  reflected  signal  power.  A band  reject  filter  protects  the  receiver. 

4. 1.1. 2. 3 Turn-Around  Ranging 

The  turn-around  ranging  function  in  the  transponder  is  available  only  when  the 
receiver  is  locked  to  a Forward  Link  signal.  In  the  TDRSS  mode,  turn-around 
ranging  is  obtained  by  synchronizing  the  "all  l's"  state  in  the  locally- 
generated  Return  Link  PN  code.  The  "all  l^s"  state  in  the  received  Forward  Link 
PN  code.  The  received  code  itself  is  not  turned  around.  With  the  transponder 
operating  in  the  coherent  carrier  turn-around  mode,  •this  function  is  available 
in  the  MA  and  SSA  services  except  when  transmitting  high  data  rate  telemetry 
signals. 

The  GSTDN  ground  Tone  Ranging  Subsystem  relies  on  the  spacecraft  transponder  to 
detect  slnewave  tones  in  the  range  of  4 kHz  to  500  kHz  which  have  been  phase- 
modulated  on  the  Forward  Link  carrier  by  the  ground  station  and  to  re-mo dullate 
them  at  a pre-determined  phase  modulation  index  on  the  Return  Link  carrier.  In 
the  phaselpck  receiver  in  the  transponder,  a separate  intermediate  frequency 
amplifier/p  base  detector  channel  is  provided  for  the  range  tone  signals.  The 
amplitude  ct  the  output  tones  is  maintained  constant  by  an  . automatic  gain 
control  system  so  that  a pre-determined  phase  modulation  index  for  the  ranging 
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tones  Is  on  the  Return  Link.  A commsndable  ©witch  is  provided  in  the  ranging 
channel  so  that  it  can  ba  commanded  ON/OFF.  The  ranging  tones  may  be 
transra’ tted  alone  or  may  be  summed  with  Return  link  telemetry  subcarriers  from 
the  PHF  prior  to  applying  the  signals  to  the  transmitter  phase  modulator* 

4*1,1. 2*4  Coherent  Carrier  Turn-Around 

The  ground  Doppler  Range  Rate  Tracking  Subsystem  relies  on  the  spacecraft 
transponder  to  turn  around  the  Forward  Link  carrier  frequency  in  the  precise 
ratio  of  240/221  to  generate  the  Return  Link  carrier.  This  is  called  the 
"coherent  turn-around"  mode. 

In  the  suppressed-carrier  TDRSS  Mode,  the  "carrier"  which  is  turned  around  is 
reconstructed  in  the  receiver  detector  circuits  from  the  sidebands  of  the 
Forward  Link  spread-spectrum  signal.  In  the  GSTDN  Mode,  the  transmitter  drive 
frequency  is  obtained  from  the  phaselock  tracking  loop  in  the  receiver,  which  is 
phase-locked  to  the  Forward  Link  residual-carrier  signal* 

In  both  the  TDRSS  and  GSTDN  Modes,  the  phaselock  receiver  is  a double-conversion 
superhetrodyne  type  in  which  the  effect  of  the  down-conversion  is  to  cause  the 
receiver  voltage-controlled  oscillator  (VCO)  to  run  at  precisely  (2/221)  of  the 
S-Band  Forward  Link  input  frequency.  The  transmitter  contains  frequency 

multiplier  and  up-converter  circuits  which  provide  an  over-all  frequency 

multiplication  of  precisely  120  times  the  input  drive  frequency.  When  the 

transmitter  drive  frequency  is  obtained  from  the  Receiver  VCO  the  transmitter  S- 
Band  Return  Link  frequency  is  precisely  (240/221)  times  the  received  S-Baud 
Forward  Link  frequency. 

If  the  receiver  is  not  locked  to  a Forward  Link  signal,  an  r-f  switch  in  the 
transmitter  automatically  selects  the  transmitter  drive  frequency  from  a quarts 
crystal  oscillator.  This  is  called  the  "non-eoherent"  mode. 

4. 1.1. 2. 5 Operational  States 

4. 1.1. 2. 5.1  Automatic  States . Numerous  states  of  the  transponders  are 
automatically  re-configured  by  the  self-contained  Digital  Subsystem.  They  are: 

1.  GSTDN  Mode  configuration 

2.  TDRSS  Mode  configuration 

3.  TDRSS  Mode  Acquisition  States 

4.  Coherent /Noa-coherent  Return  Link  Carrier  modes 
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4. 1.1.2. 5. 2 Commandable  States.  As  mentioned  above,  various  functions  of  the 
Transponder  can  be  controlled  ON/OFF,  or  values  of  parameters  can  be  set,  by 
external  command.  Commands  are  contained  in  a 16  bit  serial  command  word  which 
is  read  into  the  transponder  at  a 256  kbps  rate.  See  SVS-10124  in  the  Data 
Format  Control  Book,  Vol*  III  (Command). 

4. 1.1. 2. 5*3  Command  Processing.  A single  command  or  command  sequence  versus 
the  telemetry  indicators  to  accept  reject  and  count  commands  are  shown  in  Figure 
4.1-7.  The  Reject  bit  is  normally  in  the  reject  state.  When  the  command  is 
accepted  it  goes  to  the  accept  state  for  approximately  three  milliseconds.  The 
ground  software  should  look  at  the  command  counter  after  the  command  has  been 
sent  and  not  the  reject  bit,  which  may  not  be  seen  in  the  accept  state  via 
telemetry. 


4 . 1 . 1 * 3 Pre-Modulation  Processor 

The  central  control  for  baseband  signal  data  processing  and  application  to  the 
transponder  for  the  return  link  transmission  is  the  FMP . The  Pre-Modulation 
Processor  has  redundant  units  (PMP  A&B). 

A simplified  block  diagram  of  the  PMP  is  given  in  Figure  4.1-8.  The  input 
signals  applied  to  PMP  are  command  selectable  for  processing,  coding  and 
multiplexing.  The  resultant  output  signals  are  routed  to  the  transponder  for 
return  link  transmission.  The  PMP  also  supplies  the  tape  output  signals  for 
recording  by  the  NBTR. 

The  PMP  is  essentially  divided  into  three  essential  functions.  These  functions 
are:  the  serial  command  decoders  and  drives,  the  serial  telemetry  encoders,  and 

the  signal  processing  circuits. 

The  PMP  accepts  input  signals  at  seve  ports.  The  sources  of  data  are: 

1.  Realtime  telemetry  data  from  CU-A 

2.  Realtime  telemetry  data  from  CU-B 

3.  Memory  Dump  from  STINT-A 

4.  Memory  Dump  from  STINT-B 

5*  Payload  Correction  Data  from  PCD  Formatter  A 

6.  Payload  Correction  Data  from  PCD  Formatter  B 

7.  Narrowband  Tape  Recorder  (NBTR)  Playback 
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These  data  sources  are  selected  in  various  combinations  for  routing  to  either  a 
GSTDN  or  TDRSS  transmitter  output.  In  addition,  real  time  telemetry  data 
outputs  can  be  supplied  to  hardline  output.  All  input/output  combinations  are 
established  by  selecting  the  appropriate  PMP  mode. 

All  data  to  the  GSTDN  output  is  Bi-phase-S  encoded  to  incorporate  the.  clock 
signal  into  the  data  signal.  The  GSTDN  output  ip  a frequency  division 

multiplexed  signal  formed  by  BPSK  modulating  the  real  time  telemetry  data  onto  a 
su.bcart ier  at  a frequency  above  the  baseband  spectral  occupancy  of  the  second 
data  channel.  Alternately,  the  modulated  telemetry  channel  can  be  individually 
obtained.  In  the  case  of  the  TDRSS  output,  the  simultaneous  provision  of  2 
outputs  for  each  of  the  PMP  operating  modes  is  handled  through  separate  1 and  Q 
channel  outputs  to  the  transmitter.  Here  NRZ-M  encoding  is  provided  with 
selectable  convolutional  encoding  to  improve  link  bit  error  rates*  The  "Modes 
of  Operations",  and  "Command"  sections  cover  the  switch  settings  for  the  PMP. 

The  PMP  Tape  output  signal  to  the  tape  recorder's  record  amplifier  is  the  real 
time  telemetry  data  (8  Kbps  only)  from  the  selected  CU  (Tape  Recorder  A is 
assigned  to  FMP-A  and  Tape  Recorder  B to  PMP-B).  The  PMP  drive  to  the  tape 
recorders  is  provided  with  ON/OFF  command  control.  PMP  R/T  telemetry  output  to 
the  tape  recorder  record  amplifier  consists  of  NRZ-L  data  and  IX  clock. 

The  PMP  hardline  can,  by  command,  supply  the  data  from  any  input  port.  ON/ OFF 
control  of  the  hardline  output  is  available  by  command. 

Nine  different  PMP  modes  of  operation  (designated  A to  I)  are  command  selectable 
for  application  to  the  return  link  transmission.  These  output  either  one  or  two 
of  the  input  signals  at  a time.  Modes  A thru  D are  used  lit  association  with  the 
GSTDN  mode  of  the  transponder,  E is  not  used  and  F thru  I with  the  TDRSS  mode. 
For  the  GSTDN  modes,  dual  input  signals  are  frequency  division  multiplexed 
before  application  to  the  transponder.  In  the  TDRSS  mode,  the  two  signals  are 
provided  separately  on  ports  designated  I and  Q.  Independent  command  selection 
of  convolution  encoding  for  the  I and  Q channels  is  also  provided. 

The  input  and  output  signal  characteristics  are  summarized  below.  input 

data  signals  are  NRZ-L  and  Include  both  IX  and  2X  clocks. 

In  any  of  the  GSTDN  modes  (A  to  D)  R/T  telemetry  data  Is  converted  to  BiPhase-S 
and  PSK  modulated  on  a 1.024  MHz  subcarrier.  The  latter  is  supplied  fWm  the 
active  CU.  The  other  Input  signal  source  (High  Rate  Channel  Data)  is  Bif-S  coded 
and  summed  with  the  subcarrier.  Frequency  spectrum  occupancy  for  this  second 
data  channel  lies  below  the  subcarrier.  Note  that  STDN  mode  A only  outputs  the 
R/T  telemetry  subcarrier  signal.  This  clears  the  frequency  spectrum  below  the 
subcarrier,  and  allows  internal  summing  within  the  transponder  of  its  ranging 
channel  * 

The.  GSTDN  Modes  (A  to  D)  supply  the  drive  signal  to  the  transmitters  linear 
phase  modulator.  Output  level  from  the  PMP  is  automatically  set,  as  each  mode  is 
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selected,  so  that  the  resultant  transmitter  modulation  index  results  in  a 
nominal  70%  residual  carrier  in  the  transmitted  signal.  Mode  A requires  that 
the  transponder  be  in  the  high  modulation  index  (1.6)  state.  Mode  A,  with 
ranging,  utilizes  the  low  modulation  index  (telemetry  *0.8  and  ranging  *0.6) . 
Mode  B uses  high  modulation  index  (telemetry  *0.8  and  High  Rate  Channel  data 
*1.0. 

In  the  TDRSS  modes  (F  to  I)  . the  R/T  telemetry  data  is  KRZ-M  coded  and  applied 
to  the  1 channel.  The  second  data  source  (High  Rate  Channel  Data)  also  NRZ-M 
coded,  is  applied  to  the  Q channel.  A 1/2  rate,  lengt^  7,  convolutional  encoder, 

can  be  applied  to  both  the  1 and  Q channels  independently.  Output  signal  level 

to  the  transponder  is  constant  for  all  TDRSS  modes. 

Tie  redundant  PKP  output  signals  are  applied  to  the  two  transponders  in  a.  cross 
strap  arrangement  so  that,  oy  proper  command,  the  simultaneous  connection  of 
PMP-A  to  Transponder  A and  PMP-B  to  Transponder  B are  obtained  (Normal);  or  the 
reverse  is  obtained  (A  to  B and  B to  A) • (See  Figure  4.1-2,  Switch  6). 

4. 1.1. 4 STACC  Central  Unit  (CU) 

The  CU  interfaces  with  most  of  the  C&DH  compo heats  and  its  functions  include: 

1.  Central  command  distribution  of  the  forward  link  data. 

2.  Central  control  of  telemetry  acquisition  for  the  return  link. 

3.  Operation  with  the  OBC  in  conjunct iu  i with  the  above  and  other  command 
and  telemetry  functions. 

4.  Provisions  of  a stable  spacecraft  clock  for  accurate  indication  of 
relative  spacecraft  time  at.d  for  distribution  to  the  DPU. 


The  STACC  CU,  summarized  in  Table  4.1-1,  accomplishes  the  above  for  the  C&DH 
Subsystem  by  communication  via  the  Multiplex  Data  Bus  for  all  subsystems  of  the 
Lands at  D spacecraft* 
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The  CU  Interfaces  are  described  below  along  with  the  general  function*! 
characteristics . 

Table  A. l-l  ♦ Central  lU  it  (CU)  Functions 


I Command  Decoding  & Verification  ! 

0 Active  Redundant  Cross- St  rapped  Channels  I 

0 Selectable  S/C  Address  & Unit  11) 

© Selectable  N&Z-M  or  1*  Command  Coding 

t 

II  Telemetry  Format  Generation  & Control 

• 8 Bits  x 128  Word  Minor  Frame 

0 16  Fixed  Word®  per  Minor  frame 

• 128  x 128  Word  Major  Frame 

€ 6 x 128  Channel  Subcam© 

& Comma ndable 

Telemetry  Rate  1*8  and/or  3.2  Kbps 

Dwell  Mode 

formats 

Format  1 A Format  11 
Flexible  Formats  (OBC  Option) 

III  Multiplex  Data  Bus  Control 

IV  S/C  Clock  & Timing  Signals 

V NSSC  Communications  Control 

! VI  External  Ultra  Stable  Oscillator 

i 

j VI 1 Special  Command  Outputs 

i 

j VIM  Spacecraft  Telemetrv  to  DFU  (to  Thematic  Mapper) 

l : ; 

A.  1.1.4  21  Forward  Link  Commands  to  CU 

The  forward  link  signal  is  detected  in  the  transponder  end  each  CU  r ceives 
input  signals  from  both  transponders . The  signal®  include  NRZ-M  data*  clock, 
detector  in-lock,  and  receiver  in-lock.  All  signals  must  be  present  for  the  CU 
to  process  the  command.  See  the  Data  Format  Control  Book,  Volume  II  (Telemetry) 
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ami  Volume  Hi  (Command)  for  data  formats  described . Figure  4,1-9  in  & 
simplif  ied  block  diagram  of  the  CU  and  the  inf orf arc?  (etmsmvj®,  telemetry, 
control  and  tiffing^  signal®  included  in  the  CU  * 

Both  transponder  receiver#  arc  continuously  operational  <s^  reception  is  through 
dedicated  omni  and  S-Rand  High  Cain  Antennas*  Forward  link  signals  will 
generally  be  recovered  by  both  t ransponder  receivers  and  a imul t ancons ly  applied 
to  the  CU..  Redundant  decoders  in  the  CU  accept  these  signals,  and  after 
verification,  the  CU  selects  one  of  these  for  distribution*  The  verification  and 
selection  process  is  implemented  in  the  CU  to:  prevent  distribution  of 

erroneous  commands,  prevent  failure  of  one  transponder  receiver  from  disabling 
both  Inputs  to  the  CU , terminate  command  processing  if  error©  are  detected.  And 
prevent  distribution  of  commands  out  of  sequence*  To  accomplish  this  the  CU 
decoders  operate  in  snarp  selection  dual-di vers! ty  (i*e.,  one  of  the  two  input 
channels  is  ©elected  for  distribution),  with  initial  preferential  selection  of 
the  transponder  A input  signal,  and  the  CU  only  allows  selection  sequence 

transfer  from  the  transponder  receiver  A to  8 (not  B to  A).  The  latter 
strategies  prevent  out  of  sequence  commands. 

The  ve  r I f { c«  C 1 on  and  selection  logic  in  the  CU  performs  as  follows.  Two 

decoders  (A  and  B)  in  the  CU  continually  process  the  input  signals  from 
i rans pond e r A and  B , res  pec*.  i vely  . S ubs eq ue n t t o t he  co mma nd  wo r d i n t r od  tic  lion. 
Verification  of  each  48  hit  c omma nd  word  is  accomplished  by  checking  the  seven 
bit  spacecraft  address,  one  bit  CU  designation.,  and  seven  bit  polynomial  (error) 
check  code*  If  verification  is  obtained  for  the  transponder  A signal,  it  will 
he  selected  and  distributed  by  the  CU,  independent ly  of  whether  or  not  the  B 
signal  was  satisfactory*  The  issuance  of  the  command  fro®  transponder  A is 
indicated  in  the  return  link  telemetry  by  n advance  of  the  command  counter  work 
and  by  the  CD -A  Ue coder  Channel  A Reject -No  (word  3,  bit  7)  indication. 

If  a special  command  is  sent  to  the  alternate  CU , which  ia  always  in  STANDBY 

during  norroa  1 subsystem  operation,  the  standby  CU  command  count,  located  on  a 
d i f f e re  n t return  1 i nk  t e 1 erne  t r y wo  rd , will  i nd lent  e t he  c omma  nd  count  a d va  nee . 
So  downlink  tel  cose  try  of  the  CU  decoder  channel  is  provided  for  the  CU  that  is 
in  STANDBY. 

The  redundant  CU  should  never  be  in  I he  ON  state  along  with  the  prime  CD  > It 
should  always  be  left  in  STANDBY  in  case  the  external  oscillator  fails. 
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Processing  of  the  transponder  A signal  will  continue  until  the  transponder  A RF 
received  signal  quality  degrades  to  the  point  at  which  the  transponder  detector 
or  receiver  loses  lock;  or  bit  error  causes  the  CO  to  detect  an  error  during  the 
verification  check#  Upon  detection  of  an  error  the  downlink  CU-A  decoder 
channel  monitor  (word  3,  bit  7)  will  change  state  to  indicate  CU-A  Decoder 
Channel  A Reject-Yes#  If  during  the  course  of  the  command  sequence,  starting 
from  the  Introduction,  the  transponder  B CU  decoder  had  verified  all  words, 
including  that  for  wnich  the  A side  had  just  determined  an  error,  the  CU  will 
select  the  B side  for  distribution,  starting  at  the  latter  word.  The  command 
counter  will  advance  as  before.  In  the  event  that  all  words  on  the  B side  had 
not  been  verified,  or  in  the  even  that  the  transponder  £>  signal  subsequently 
degrades  to  the  point  at  which  errors  are  detected,  the  CU  will  halt  the  forward 
link  command  distribution.  This  action  is  reflected  in  the  downlink  telemetry 
by  a halt  In  the  command  counter  and  a CU  Command  Reject-Yes  flag  indication 
(the  reject  flag  is  in  the  NO  state  at  all  times  during  successful  verification 
from  either  the  A or  B sides). 

Under  very  rapid  forward  link  signal  fading  conditions  which  may  occur  during 
prelaunch  test,  the  CU  Command  Reject— No  telemetry  Indication  could  be 
maintained,  until  signal  strength  increased  to  the  point  at  which  the 
transponder  clock  signal  to  the  CU  was  reestablished • If  that  situation  did 
occur,  the  command  counter  halt  Is  used  as  an  indication  of  command  reject. 

Subsequent  to  the  B side  rejection,  and  halt  of  forward  link  command 
distribution,  the  command  word  introduction  must  again  be  included  In  the 
forward  link  transmission  before  further  commands  can  be  successfully  processed 
by  the  CU.  At  this  point  the  CU  fill  again  proceed  to  process  commands  as 
previously  described  with  the  preferential  selection  of  the  A side. 

In  summary,  a command  is  accepted  if  the  five  following  are  true: 

1.  Receiver  is  In  lock. 

2.  Command  detector  in  lock# 

3.  Barker  code  is  good. 

4.  Presence  signal  Is  available# 

5.  Poly  Code  check  is  good. 


The  full  introduction  sequence  of  128  bits  plus  8 bit  Barker  code  is  not 
mandatory,  but  is  preferred  in  order  to  assure  satisfactory  reacquisition  of  the 
forward  link  signal  by  the  transponder.  Only  the  8 bit  barker  code  is 

mandatory. 
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4*1. 1.4*2  Return  Link  Telemetry  Frosi  CU 

The  return  link  telemetry  format  generation  and  telemetry  data  acquisition  is 
established  through  the  CU.  The  telemetry  format  is  fixed  at  a minor  frame 
length  of  128-8  bit  words,  and  a major  frame  length  of  128  minor  frames.  Six 
words  in  the  minor  frame  are  available  for  sub  commutation  to  128  words  (each). 
Data  rate  is  command  selectable  1,  2,  4,  8,  16,  32,  64,  and  32  Kbps#  Aside  from 
8 fixed  telemetry  words,  words  0 to  3 and  64  to  67),  generated  and  applied 
internally  from  the  CU,  120  minor  frame  words  are  assignable  to  the  telemtry 
acquired  from  the  RIUs.  Assignment  of  the  data  obtained  from  the  spacecraft's 
RIUs  into  the  minor  frame  word  location  can  be  achieved  by  any  one  or  three 
(commandable)  alternates.  Two  of  these,  termed  Format  I (Engineering)  and 
Format  II  (Mission)  provide  (different)  fixed  format  assignments  by  the  use  of 
PROifS  located  in  the  CU.  The  third  format  is  achieved  in  conjunction  with  the 
OBC.  This  provides  a flexible  format  since  the  format,  stored  in  the  OBC 
memories , can  be  altered  via  the  forward  link.  When  the  OBC  format  is  used  the 
telemetry  address  Information  is  routed  through  the  STINT  and  to  the  CU  which 
provides  the  control. 

There  are  sixteen  positions  in  the  minor  frame  that  have  fixed  word  assignments. 
Except  for  these,  it  is  possible,  by  command,  to  select  the  dwell  mode  for  any 

minor  frame  word.  The  selected  word  will  appear  in  all  of  Che  remaining 

locations  (112),  with  the  16  fixed  locations  returning  the  normally  assigned 
telemetry  data. 

The  CU  assembles  the  telemetry  data  into  an  NRZ—L  serial  data  stream  and 
supplies  it  to  the  redundant  PKPs.  The  active  CU  also  applies  redundant  1.024 
MHz  clock  signals  directly  to  the  PMPs,  which  is  used  within  the  PMP  in  the 
GSTDN  mode  as  the  subcarrier  for  the  return  link  telemetry.  The  downlink 
telemetry  data  is  also  applied  to  the  redundant  STINTS  for  use  by  the  OBC. 

4.1. 1.4*3  CU  To/From  STXNT-OBC 

Each  CU  interfaces  with  the  redundant  STINTS  which  supply  the  access  to  the 
redundant  OBCs.  The  forward  link  stored  commands  and  0BC  data  are  supplied 

directly  from  the  CU  to  the  STINT/OBC.  The  OBC  also  performs  a number  of 

spacecraft  functions  that  are  routed  through  the  CU  to  the  supervisory  BUS  then 

distributed  by  the  RIU  to  the  LandsatHD  Subsystem.  Referring  to  the 
Supervisory  Line  Activity  shown  in  the  DFCB  Volume  III,  the  latter  functions  are 
allocated  in  31.25  microsecond  slots  as  follows: 

1 . RIU  Channel  Address  TM/Computer~used  v?hen  telemetry  control  by  OBC  is 
In  effect. 

2.  Computer  Commands -for  issuing  stored  commands 
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3.  RIU  Channel  Address  Camputer-dat«  request  by  the  OBC  flex  format  for 
use  in  internal  computation 

4.  Ground  commands  slot 


As  a result  of  the  above,  return  data  is  supplied  on  the  Reply  Line,  as  shown  in 
the  DFCB  Volume  II  and  returned  to  the  OBC  via  the  CU/STINT. 

The  maximum  stored  command  rate  is  1000  commands  per  second,  including 
approximately  60  discrete  commands  per  second.  This  maximum  rate  will  require 
one  command  for  every  8 of  the  123  microsecond  groups  as  shown  in  the  DFCB 
Volume  III  (Command). 

The  maximum  Reply  Line  data  rate  is  64  Kbps  for  downlink  telemetry  and  64  Kbps 
for  computer  requested  data.  Reply  line  activity  for  these  maximum  rates 
require  its  total  capacity,  i.e.,  both  channels  every  125  microseconds  as  shown 
in  the  DFCB  Volume  II  (Telemetry). 

Both  the  Supervisory  and  Reply  Lines  transfer  the  information  at  1.024  Mbps. 

The  dump  data  is  obtained  from  the  STINT  and  applied  directly  to  the  PMP. 

4. 1.1.4 .4  CU  Interface  to  KDB  and  BCD 

The  CU  interfaces  with  the  Multiplex  Data  Bus  (MDB)  which  is  routed  to  other 
spacecraft  subsystems.  Within  the  C&DH  Module  the  MDB  also  interfaces  with  the 
Bus  Control  Unit  (BCU)  for  application  to  the  redundant  RIUs. 

The  active  CU  supplies  the  Supervisory  Line  Message  on  one  of  the  redundant 
lines  (A  or  B)  which  is  selectable  by  special  command.  Similarly  It  receives 
the  Reply  Line  Message  on  either  line  A or  B. 

The  DFCB  provides  the  format  definitions  for  the  Supervisory  Line  Message  types 
and  the  MDB  interface  charac t eris tics . 

4 *1 .1 .4 .5  CU-to-CU 

The  interconnections  between  CU-A  and  B provide  for  ON/STANDBY  control.  To 
activate  a given  CU,  special  commands  sent  by  the  forward  link  are  addressed  to 
it.  Three  commands  are  generally  required.  These  are  Mate  CU  OFF  1,  Mate  CU 
OFF  2,  and  Self-ON.  The  first  two  commands  place  the  alternate  CU  (assumed 
initially  ON)  in  the  STANDBY  mode.  Dual  mate  off  commands  arc  Implemented  in 
order  to  reduce  the  probability  of  inadvertent  CU  turn-off. 
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4*1. 1.4. 6 CU  to/from  RIU 

The  RIU  provides  command  and  telemetry  .interfaces  to  the  CUf  which  are  described 
later.  Additionally  both  RIU  A and  B supply  Standby  voltages  to  each  CU.  Thes* 
provide  failure  protection  by  steering  serial  magnitude  commands  from  the 
redundant  RIUs.  They  are  also  used  to  energize  the  CU  hardline  telemetry 
monitor  output. 

4. 1.1. 4. 7 Hard  line*-  to-CU 

A capability  is  included  in  the  C&DH  subsystem  to  obtain  hardline  commands  to 
CU-A.  Three  signals  are  supplied  NRZ-M  data  at  either  125;  1000  or  2000  bps;  a 
IX  clock;  and  command  presence. 

4. 1.1. 4.8  CU-S/C  Clock 

The  CUgS/C  clock  is  controlled  by  a 4 MHz  oaciilator  with  stability  of  2 parts 
in  10  at  constant  temperature  and  a slope  of  2 parts  in  10°  per  degree  C. 
Spacecraft  time  is  included  as  24  bits  in  the  return  link  telemetry.  Maximum 
count  is  200  days  with  1.024  seconds  update.  Spacecraft  time  is  set  to  zero 
when  the  CU  is  in  Standby.  The  CU  contains  all  signal,  telemetry  and  command 
provisions  for  application  of  an  external  ultra-stable  oscillator  which  is  the 
primary  spacecraft  clock  for  Lands at-D  . The  internal  CU  S/C  clock  will  be 
selected  on  initial  power  up  of  the  CU.* 


4. 1.1.4. 8.1  CU-Uitras table  Oscillator.  A 4.096  MHz  Ultra  Stable  Oscillator 
will  provide  the  precision  master  frequency  source  to  be  used  for  timing 
operations,  including  the  operation  of  the  clock  in  the  Instrument  Module.  This 
Ultra-Stable  Oscillator  will  provide  to  the  STACC  CU  two  buffered  square  wave 
output  signals  of  4.09600  MHz  and  telemetry  status.  The  oscillator  frequency 
stability  will  be  less  than  1 x 10  per  day  after  the  first  30  days  of 

operation  and  not  exceed  5 x 10  per  degree  Celsius  over  a range  of  -20°C  to 

-f50°C*  After  initial  CU  power  up  the  CU  will  be  commanded  to  accept  this  Ultra- 
Stable  Oscillator  signal  and  turn  off  the  internal  S/C  clock. 

4.1 .1.4.9  CU  Command  Control 

The  CU  has  provisions  for  control  by  special  command  (see  4.6)  and  RIU  commands. 

The  assignment  of  CU  special  command  is  indicated  in  Table  4.6-1.  The  CU  is 
also  controlled  by  RIU  serial  magnitude  command  zero,  given  in  Table  4.6-2. 
Both  CU  A and  CU  B share  the  same  command*  The  CU  must  be  OH  in  order  to 
execute  the  command*.  RIU  A and  B provide  redundant  commands  to  each  CU.  There 
are  no  RIU  discrete  commands* 


*See  the  constraints  on  commanding  both  CU's  to  the  external  oscillator. 
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4.1.1.4.10  CU  Telemetry  Monitors 

All  control  commands  (special  and  RID)  to  the  CUs  are  provided  with  telemetry 
status  monitors  on  the  return  link  telemetry  (see  4.7). 

4.1.1.4.11  CD  From  PCU 

Each  CU  is  supplied  from  continuous  DC  power  on  the  primary  voltage  bus  from  the 
PCU.  The  inactive  CU  is  in  the  standby  state. 

When  the  primary  bus  voltage  is  first  applied  to  the  module,  both  CD's  will  go 
to  the  Standby  state.  This  will  also  occur  if  there  is  a temporary  interruption 
of  the  bus  voltage  to  an  active  CU.  Only  one  CU  should  be  OH  at  a time.  To 
turn  a CU  ON  from  this  initial  state  (both  in  STANDBY),  a special  command,  Self- 
On,  is  required,  addressed  to  the  CU  (see  DFCB  Volume  III,  Command  for  CU 
address  bit  Ag)  that  is  to  be  turned  ON.  If  activation  of  the  alternate  CU  is 
desired,  the  SELF-ON  command,  addressed  to  the  Standby  CU,  must  be  preceeded  by 
the  Special  Commands  Mate  CU  OFF  1 and  Mate  CU  OFF  2.  This  sequence  is  required 
so  that  both  CUs  are  not  powered  ON  simultaneously.  The  latter  situation  is 

undesirable  since  there  is  probability  (very  low)  of  inducing  a sequence  (both 
CUs  OFF)  will  result  in  an  interruption  of  all  telemetry  and  command  functions, 
including  those  to  the  OBC.  It  is  desirable  to  halt  the  computer,  before  the 
switchover.  After  CU  turn-on,  is  achieved,  the  CU  will  be  under  Format  II 
control  at  the  1 Kbps  return  link  telemetry  rate,  using  the  internal  oscillator. 
Special  and/or  RIU  commands  are  then  used  to  select  the  desired  CU  operating 
mode  and  external  clock  oscillator  ON. 

4. .1,1. 5 Remote  Interface  Unit  (RIU) 

The  C&DH  subsystem  components  derive  their  telemetry  and  command  functions  from 
RIU's.  Telemetry  capability  is  doubled  by  use  of  redundant  Expander  Units 
(EU's) . RIU  telemetry  capability  can  be  increased  by  addition  of  EU's  as  shown 
in  Figure  4.1-10  and  explained  in  4. 1.1. 6. 

There  are  multiple  RIU's  located  in  the  various  Lands at-D  subsystems,  the  RIU 
functions  are  summarized  in  Figure  4.1-11. 

In  its  function  as  a remote  unit,  the  RIU  receives  telemetry  and  command 
instructions  from  the  CU,  and  returns  telemetry  data  to  the  CU,  on  the 
Supervisory  and  Reply  lines,  respectively.  The  C&DH  RIU/EUs  are  assigned  address 
#1  so  that  the  CU  can  uniquely  address  instructions  destined  for  the  C&DH 
components.  The  RIU/ED  address  assignment  is  accomplished  by  external  wiring  of 
an  RID. 
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Figure  4.1-10.  RIU  Simplified  Block  Diagram 
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The  RIU  total  redundant  coalman d capability  allows  for  64  discrete  commands 
(includes  RIU  SELF  ON,  MATE  OFF  and  REDUNDANT  OFF)  and  8 serial  magnitude 
commands.  The  total  RIU/EU  telemetry  capability  is  up  to  512  channels.  The 
telemetry  provides  for  f.'ur  different  types  of  monitors;  bi-level  (single  bit), 
analog,  conditioned  analog  (passive  source),  and  serial  digital.  See  Section 
4.7  for  the  telemetry  assignments  and  Section  4.6  for  Command  assignments. 

In  addition  to  the  above,  the  RIU  outputs  various  sync  (word,  minor  frame  and 
major  frame)  pulses,  a 1.024  MHz  clock  and  DC  voltages.  In  Landsat-D  the  DC 
voltages  are  used  by  the  PCU,  STINT,  CU  and  alternate  RIU  for  various  circuit 
functions. 

4. 1.1. 5.1  RIU  Communication  To/From  CU 

The  command  and  telemetry  control  message  Formats  between  the  RIU  and  CU  are 
described  in  the  DFCB  Volume  II  and  III.  As  shown  In  Figure  4.1-12  the 
redundant  RIUs  are  paralleled  across  the  BCU,  which  in  turn  interfaces  with  the 
redundant  supervisory  and  reply  lines  from  the  CU.  All  Landsat-D  Subsystem 
versus  RIU  number  are  shown. 

4. 1.1. 5. 2 RIU  Command  Distribution 

Command  messages  directed  to  RIU  address  #1  are  accepted  by  the  C&PR  RIUs  and 
distributed  to  the  various  CfiDH  components.  Both  of  the  redundant  Supervisory 
Lines  (A  and  B)  are  continuously  monitored  by  the  RIUs. 

In  the  case  of  discrete  commands,  requiring  a +28  volt  pulse  output,  and  a 
ground  closure  addressed  to  the  subsystem  component,  maximum  use  Is  made  in 
assignment  of  3 isolated  28  volt  sources  contained  in  each  RIU.  All  of  the 
prime  C&DH  components  are  assigned  to  BUS  #1  and  the  remaining  subsystems  to  BUS 
if  2 through  #9.  The  28  volt  discrete  commands  are  rated  for  200  milliamps  drive. 
Command  duration  is  nominally  7 milliseconds,  with  timing  of  switch  closure 
(ground  return)  and  28  volt  pulse  as  shown  in  the  DFCB  Volume  III  (Command). 

Serial  magnitude  commands  are  distributed  on  three  lines  (enable,  clock  and 
command  data)  with  timing  as  shown  In  the  DFCB.  Command  length  is  16  bits  at  a 
rate  of  256  Kbps,  NRZ-L.  The  command  clock  is  distributed  in  common  to  all 
RIU^s.  The  command  data  Is  similarly  distributed. 
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4. 1*1, 5.3  RIU  Telemetry  Acquisition 

The  RIU/EU  accomodates  4 types  of  telemetry;  bi-level,  analog,  conditioned 
analog  and  serial  digital  (8-bit  words).  Telemetry  assignments  for  the  C&DH 
components  are  given  in  Section  4.7,  Telemetry.  The  conditioned  analog  monitors 
interface  with  passive  thermistor,  temperature  monitoring  circuits,  tr*  which 
they  apply  a constant  1 milliamp  current  during  the  sampling  interval.  The  RIU- 
ADC  converts  the  resultant  voltage  level  to  an  8-bit  word  for  return  on  the 
reply  line.  Timing  is  shown  in  DFCB  Volume  II  (Telemetry)  Analog  signal 
samples  are  also  converted  to  8-bit  words.  Acquisition  of  the  serial  digital 
telemetry  is  accomplished  with  a 236  Kbps,  8 bit  clock,  distributed  to  the 
subsystem  component  r*  • an  8-bit  subsystem  component  output  via  the  reply  line. 
Accompanying  the  serial  digital  clock  signal  is  an  enable  pulse  addressed  to  the 
particular  subsystem  component.  The  bi -level  monitors  are  readout  as  8-bit 
words. 

In  all  of  the  above  cases,  a telemetry  request  to  the  RIU  results  In  the  return 
on  the  redundant  reply  lines  (A  and  B)  of  an  8 bit  data  word  preceeded  by  a 
leading  bit,  logic  oero,  sync  signal.  Reply  line  rate  is  1.024  Kbps,  B10-L. 

4. 1.1. 5. 4 RID  Sync  and  Clock  Outputs 

The  RIUs  utilize  the  signalling  information  on  the  Supervisory  Line  to  produce 
coherent  sync  and  signals.  Synchronization  with  the  Supervisory  Line  is 
maintained  at  all  times,  independent  of  whether  or  not  the  RIU  is  addressed. 
Outputs  are  available  from  each  of  the  following  sync  signals;  major  frame  rate, 
minor  frame  rate,  and  word  rate.  Each  sync  3ignal  has  a pulse  duration  of  47 
microseconds.  A 1.024  MHz  clock  signal  Is  also  provided. 

4. 1.1. 5. 5 RIU  to  EU  Interfaces 

Each  RIU  interfaces  with  an  associated  EU  mul  :iplexer  (2  EU  mulriplexers  are 
contained  in  an  EU) . An  EU  multiplexer  is  identical  to  an  RIU  multiplexer.  The 
RIU  provides  the  EU  with  supply  voltages  and  transfers  telemetry  requests 
received  on  the  Supervisory  Line  - directed  to  the  EU  - by  means  of  clock, 
address  a ad  enabling  signals.  Messages  for  the  EU  are  identified  by  3 bits 

(bit'.  22  to  24,  see  DFCB  Volume  III)  in  the  Supervisory  Line  message.  The  EU  Is 

identified  b>  (l)g,  while  the  RIU  Is  identified  by  (0)g.  The  remaining 

allocations  (2)  to  (7)q  are  available  when  the  "elemetry  system  Is  expanded  up 

to  an  additional  6 EUs?  The  EU  outputs  either  an  8 bit  word  or  an  analog  sample 
to  the  RIU  . i response  to  a telemetry  request.  The  RIU-ARC  is  used  to  c invert 
the  analog  samples  to  an  o bit  word.  The  RIU  then  sends  the  response  down  the 
Reply  Line. 
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4. 1.1.5. 6 RID  DC  Power 

The  two  C&DH  RID©  are  supplied  continuous  DC  power  from  the  PC” . la  normal 

operation  one  RIU  is  OFF  (STANDBY),  while  the  second  unit  is  operating  at  a rate 
determined  by  the  CU  format  in  effect.  Normally  the  ON  (STANDBY  2)  RIU  in  the 
C&DH  is  expected  to  operate  at  a low  duty  cycle,  about  1%. 

4. 1.1. 5. 7 RIU  Data  Flow  and  Operational  Description 

The  RIU  data  flow  was  described  in  the  previous  paragraphs* 


When  the  primary  bus  voltage  is  first  applied  to  the  RIUs,  or  when  it  is 
restored  after  interruption,  the  RIUs  will  assume  their  prior  states.  In  normal 
C&DH  operation,  one  RIU  will  be  In  the  active  state  (ON/Standby  2),  and  the 
other  will  be  in  the  OFF  (STANDBY)  state.  In  order  to  activate  the  alternate 
RIU,  it  is  necessary  to  send  two  commands  to  the  OFF  unit.  The  first  is  the 
Self  RIU  Enable  (STANDBY  1)  (Command  0). 

In  this  mode  it  can  issue  discrete  commands.  Command  63  is  then  sent,  which 
activates  the  unit  (Standby  2)  and  simultaneously  disables  the  (alternate)  mate 
RIU  (OFF),  Command  58  provides  a backup  OFF  command  to  the  mate  RIU*  Once  put 
in  operation,  the  RIU  is  controlled  by  CU  direction. 

4 . 1 . 1 . 6 Expander  Unit  (EU) 

Each  RIU  contains  a single  telemetry  multiplexer  capable  of  retrieving  four 
types  of  signals  from  a total  of  64  inputs,  reference  Figure  4.1-10*  A total  of 
eight  multiplexers  may  be  used  with  any  given  RIU  providing  a maximum  input 
capability  of  512  channels.  The  additional  telemetry  multiplier®  are  housed  in 
Expander  Units. 

4 .1 .1 .7  Bus  Coupling  Unit  ( BCU) 

The  coupling  between  the  MDB  and  the  RIUs  is  accomplished  by  Bus  Coupling  Units. 
These  suffice  to  provide  correct  Impedance  matching  and  reliability 

characteristics.  The  coupling  provides  both  Isolation  (transformer-coupling) 
and  fail-safe  (resistors)  features  in  Its  design.  Each  BCU  accommodates  a 

maximum  of  four  RIU's  with  the  total  length  of  the  stub  up  to  20  ft*  An  RIU  is 
coupled  to  each  line  of  the  bus  by  means  of  a transformer  coupled  stub.  The 

transmission  medium  for  the  stub  is  Identical  to  that  of  the  bus  lines.  Two 
56-ohm  resistors  are  connected  between  the  coupling  transformer  and  the  bus. 
The  transformer  separates  the  coupling  resistors  from  the  stub,  and  has  a turns 
ratio  of  3:1  as  measured  from  the  bus  side  to  the  stub.  The  input  i moedance  of 
the  RIU  is  not  le»s  than  2000  ohms  at  a frequency  of  1.024  KHs.  The  RIU  couples 

to  the  stub  through  an  internal  transformer  with  a turns  ratio  of  1:3  as 

measured  from  the  stub  side  to  the  RIU.  The  two  stub  coupling  transformers  are 
identical.  The  transformer  design  Is  such  that  the  bus  signal  waveshapes  are 
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maintained  on  the  output  side  of  the  RIU  transformer  for  the  supervisory  lines 
and  on  the  bus  side  of  the  bus  transformer  for  the  reply  lines- 

4*1, 1-8  Power  Conditioning  Unit  (PCU) 

C&DH  Subsystem  module  power  is  derived  from  two  voltage  sources:  the  first  is 

dedicated  to  the  resupply  heaters  only.  The  second  (the  primary  voltage  bus ) is 
routed  to  the  PCU  for  distribution  to  C&DH  Subsystem  components*  Distribution 
by  the  PCU,  plus  a description  of  other  functions  performed  by  the  PCU  follows: 

A block  diagram  of  the  power  distribution  is  shown  in  Figure  4.1-13 - The  PCU  in 
addition  to  providing  the  primary  voltage  bus  distribution  includes  the 
following: 


1.  4-28  Volt  power  bus  protection 

2.  428  Volt  power  bus  distribution 

3.  Computer  power  conditioning  and  control 

a.  45V  4 5%  at  1.0  to  3.5A 

b.  412W  4 5%  at  0 to  1.5 A 

c.  ~5V  4 5%  at  0 to  0.5 A 

d.  Switching  for  memories 

4.  Redundant  power  clear  circuits  to  STINT/OEC. 

5.  Redundant  oscillators  for  OBC. 

6.  Generation  and  distribution  of  428  volt,  long  duration  drive  signals 
to  the  RF  antenna  switching  relays. 

7.  Pulse  stretchers  for  high  current  relays, 

8.  Signal  conditioning  for  the  RF  switches,  telemetry  monitors. 
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9*  Redundant  computer  failure  detection  circuits* 

10.  Implement  redundant  ON/ OFF  controls  for  mission  peculiar  loads  of  2 
amps  at  +28  volts. 

11.  Provide  two  (2)  non-latching  relays  for  hardline  CMD  Enable. 


4. 1.1. 8.1  PCU  DC  Power 

4. 1.1.8. 1.1  OBC  Power  Supplies.  Redundant  power  supplies  A and  B for  the 
OBC/SXINT,  derive  their  ON/OFF  control  by  latching  relays.  Each  supply  is 
protected  by  redundant  fuses,  and  a trip  circuit,  which  is  activated  by 
undervoltage,  overvoltage  or  over  current. 

Two  of  the  fault  conditions;  overcurrent  and  undervoltage,  result  In  latching  of 
the  trip  circuit,  i.e.,  when  the  trip  circuit  is  activated,  the  DC/DC  converter 
output  voltages  are  turned  off  and  remain  off  whether  or  not  the  fault 
conditions  are  subsequently  cleared.  To  restore  operation,  the  primary  bus 
voltage  to  the  power  supply  must  first  be  disconnected  by  sending  the  Power 
Supply  OFF  command.  This  is  followed  by  the  Power  Supply  ON  command.  Assuring 
that  the  fault  conditions  are  cleared,  the  power  supply  operation  is  now 
restored , 

An  overvoltage  fault  does  not  produce  latching  of  the  trip  circuit.  When  the 
fault  is  removed,  the  power  supply  DC/DC  converters  operation  is  restored 
without  the  necessity  of  sending  any  commands. 

Each  power  supply  energizes  an  OBC  oscillator  circuit,  a computer  protection 
circuit  (the  Computer  Failure  Detector  portion),  and  produces  regulated 
secondary  voltages  of  +5,  -5  and  12V  for  distribution  to  the  OBC/STINT.  Each 
power  supply  is  dedicated  (i.e.,  A to  A and  B to  B)  to  an  associated  oscillator 
circuit,  and  computer  protection  circuit.  Each  is  also  dedicated  in  the 
distribution  of  +5  Volts  to  the  STINT  and  OBC.  The  distribution  of  OBC  memory 
voltages  (+5,  -5  and  +12  VDC)  Is  configured  so  that  by  command  control  either  of 
the  supplies  can  energize  all  memories  up  to  the  maximum  of  eight. 

4. 1.1. 8. 1.2  DC  Power  Distribution.  The  primary  voltage  bus  input  is 
distributed  by  the  PCU.  The  DC  voltage  is  in  the  range  of  21.6  to  35VDC,  under 
normal  conditions.  ON/OFF  switching  is  provided  internally  in  the  PCU  for  a 
number  of  these  lines,  other  lines  provide  continuous  power.  These  are  divided 
into  three  categories:  input  voltage,  output  voltage  (28  VDC)  and  conditioned 
secondary  output  voltage  from  the  PCU  pov/er  supplies. 

The  input  DC  voltage  includes  the  28  VDC  (low  power)  transponder  receiver 
hardline  command  enable.  There  are  also  redundant  +5  VDC  inputs  (from  RIU  A and 
B)  which  are  used  to  provide  for  signal  conditioning  of  all  telemetry  monitors 
in  the  PCU,  as  well  as  for  OBC  protection  circuit  operation.  The  sources  are 


LSD-WFC-263 


SVS-10266 
31  December  1981 


not  fused  within  the  C&DH  Module.  The  Rills'  are  fused  on  the  primary  line  side 
(28V). 

Resupply  heaters  are  directly  wired  via  hardline.  No  fuses  are  used. 

The  -KZ8  VDC  output  lines  are  categorized  as  continuous  and  switched  (within  the 
PCU).  All  lines  are  redundantly  fused.  The  conditioned  secondary  voltage 
outputs  are  dedicated  to  the  respective  STINT-OBC.  Switching  employed  for  the 
memories  is  discussed  in  Section  6.0. 

4. 1.1. 8. 2 PCU  Data  Flow 

Aside  from  the  Telemetry  and  Commands  and  DC  voltage  distribution,  there  are 
three  PCU  outputs  delivering  either  signal  or  control  to  external  components. 
These  are  given  in  Table  4.1-2  and  operationally  described  in  Paragraph  4. 1.1. 2 
and  Section  6.0. 

Referring  to  Table  4.1-2  a digital  oscillator  ouptut  signal  is  applied  to  the 
STINT  (dedicated-oscillator  A to  STINT  A,  and  B to  £)•  It  Is  also  applied  to 
the  OBC  (also  dedicated). 

The  OBC  (protection)  clear  signal  is  also  dedicated.  It  is  applied  to  the 
STINT,  which  routes  it  to  the  OBC. 

The  transponder  receiver  hardline  command  enable  output  circuit  in  the  PCU  is  a 
straight  wire  that  is  shorted  during  enable  (open  otherwise).  Both  receivers  A 
and  B are  enabled  simultaneously  from  redundant  feeds,  by  28V  application  to  a 
single  control  relay  In  the  PCU. 
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Table  4.1-2.  PCU  Outputs 

! J"  ' ■ 

Designation 

Destination 

i 

Remarks 

Oscillator 
(1.8  MHz  for  LSD) 

! 

j 

STINT 

The  STINT  conditions 
this  signal  and  transmits 
it  to  the  OBC. 

1 

; OBC  Clear 

STINT 

The  STINT  provides  a 
straight  wire  feed  to 
the  OBC. 

Transponder 
Receiver 
Hardline 
Command  Enable 

Transponder 

Receiver 

Controls  both  A&B 
Recievers  simultaneously 

4.2  PERFORMANCE  CAPABILITIES 

The  C&DH  performance  characteristics  are  summarized  in  Table  4.2-1. 
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Table  4.2-1.  C&DH  Subsystem  Summary 


Funct ion 

Capability 

Lands at  HD 
Implementation 

Receive  Frequency  Band 

2025-2120  MHz 

2106.40625  MHz 

Transmit  Frequency  Band 

2200-2300  MHz 

2287.50  MHz 

RF  Power 

1 , 2 .5  or  5 Watts 

5 Watts 

TDRSS  Q/I  RF  Power  Ratio 

1:1  to  4:1 

4:1 

Noise  Figure 

6.0  dB,  Nominal 

SAME 

Coherent  Turn  Around  Ratio 
(ft/fr) 

240/221 

SAKE 

S-Band  Transponder 

Near  Earth  or  GSTDN/TDRSS 

GSTDN/TDRSS 

Transmitter  Modulation 

) 

i 

1 

RDM/ PM  (STDN) 
SQPSK  (TDRSS) 

SAME 

1 

j Ranging  Modulation 

l 

Side  Tone  (GSTDN) 
PRN  (TDRSS) 

SAME 

| Mission  Unique  (Fused) 

j Continuous  Prime  Power 

.] 

Dual  Redundant  Sets  of 
7 lines 

TBD 

! Primary  Power  Source  Line 
Voltage 

22-35  VDC 

SAME 

j Prime  DC  Power  Distribution 
! (PCU) 

Redundant  Fusea  Lines 

SAME 

j PCU  Oscillator  Frequency 
for  OBC 

1.4  to  1.8  MHz 

1.8  MHz 

j STACC/CU  External 
Oscillator 

Accommmo dates  Ultras table 
Oscillator 

4.096  MHz 

Mission  Unique  Equipment 
Location 

i 

6 Sq.  Ft.  Available 

1 S/C  Ext.  Oscillator 

2 Tape  Recorders  and 
4 Memories 
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1 unction 

Capabi lity 

Land6at-D 

Implementation 

OBC  Memories 
(8K  words  each) 

4 to  8 

8 

PMP  Data  Handling 

Provides  FDM  of  2 
Selected  Data  Streams 

SAME 

Conversion  NRZ-L  Data 
to  NRZ-M,  B10-M,  B10-L 

1/2  Rate  Convolutional 
Encoding  (TDRSS) 

TDRSS  Ground  Command 
Bit  Races 

Two  of  following: 

1,000,  500,  250,  125  bps 

125  and  1,000  bps 

a 

GSTDN  Ground  Command 
Bit  Rate 

2,000  bps 

SAME 

Command  Format 

NRZ-li 

16  KHz  subcarrier  (GSTDN) 
PRN  at  3 MCPS  (TDRSS) 

PN  Codes  1 to  85 

SAME 

PN  Code  2 (LSD) 
and  3 (LSD  Prime) 

Command  Word  Length 

48  bits  (includes  7 bit 
polynominal  check 

SAME 

Real  Time  Command  Rate 

41  per  sec  max. 
(at  2 KBps) 

SAME 

Stored  Command  Rate 

1000  per  sec  max 
(Combined  ser.  Mag  and 
Discrete) 

SAME 

Serial  Magnitude 
Discrete 

1.000  per  sec  max. 
60  per  second  max* 

Stored  Commands  (Data 
Dependent  or  Time  Tagged) 

Via  NSSC-'l  OBC 

SAME 
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Function 

Capability 

Landsat-D 

Implementation 

STACC  R1U  Commands 

64  Discrete 

8 (16  Bit)  Serial  Digital 

SAME 

STACC  CU  Special  Command 

16  (Ground  Closures) 

1 

SAME 

Telemetry  Rates 

1 to  64  Kbps  (Commandable 
in  binary  steps) 

8 Kbps  (Commandable) 
1 kbps 

Telemetry  Format 

' 

1 

1 

-Word  Length  8 bits 
-Minor  Frame  128  words 
-Major  Frame  128  Minor 

Frames 

-Sync  Word  24  Bits 
-Subcoramutation  6 Words 
x 128 

SAME 

, Telemetry  Format  Control 

i 

i 

i 

! 

-Fixed  Format  I 
-Fixed  Format  II 
-Via  OBC  (Flexible) 

-Via  STACC  CU  (Flexible) 

SAME 

NOT  USED 

NOT  USED  | 

j STACC  RIU/EO  Telemetry 

-64  Telemetry  Channels 
Apportioned  to: 

-16  Serial  Digital  Max, 
-16  Conditioned  Analog 
Max. 

-64  Bilevel  Max. 

-64  Analog  Max. 

For  each  RIU  or  EU 

i 

1 

SAME 

| NSSC-1  Computer  Dump 
! Downlink  Telemetry  Rates 

1 Kbps  or  32  Kbps  by 
Command 

SAME 

Data  Multiplex  Bus 

-Redundant  Supervisory  and 
Reply  Lines 
-Isolated  From  RI'U/ZU 
By  STACC  BCU 

-Accommodates  up  to  62  RIU"s 

SAME 

.1 

Table  4,2-1.  C&DH  Subsystem  Summary 
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) 


Function 


Capability 


Landsat-D 
Imp leme  n t a t i on 


STACC  RIU  Output  Signals  -1.024  MHz  Clock 

Other  Than  Commands  -Major  Frame  Sync  SAME 

-Minor  Frame  SYnc 
-Word  Rate 


External  Telemetry 


Hardline  Monitors 


Analog  or  Biphase  Digital  Digital  Feed 

Up  to  2.048  Mbps  Available  at  Module 

Interface  Connector 


-STACC  CU  Telemetry  SAME 

-STACC  STINT  (OBC) 


Spacecraft  Address 


STACC/CU  Frame  Synch 
Code 


Various  (7  bits) 


Various  (24  bits) 


LSD  CDH  S/N  2 

- (156) 

LSD  PRIME  CDH  S/N  4 

- (073) 

Spare  CDH  S/N  3 

- (103)8 

7654714408 
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4.3  MODES  OF  OPERATION 

4.3.1  RF  ANTENNA  AND  SWITCH  MODES 

4. 3. 1.1  RF  Switch  Operating  Modes 

The  feed  circuits,  resulting  from  the  three  RF  configurations  (I,  II  and  III) 
are  shown  respectively  in  the  block  diagrams  of  Figures  4.3-1  through  4.3-3. 
The  receive  and  transmit  paths  for  each  transponder  are  obvious  from  the 
diagrams.  The  diplexer  is  terminated  in  50  oh-as  through  the  relays  when  the 
associated  transmitter  is  applied  to  the  high  gain  port*  Note  that  w'  2n  both 
transmitters  are  in  the  Omni  position,  the  high  gain  port  is  terminated  with  50 
ohms,  as  shown  in  Figure  4.3-4. 

With  a transmitter  RF  power  rating  of  5 watts  *1  dB,  output  power  levels  are 
greater  than  3.2  and  3-5  watts  for  the  omni  and  high  gain  ports,  respectively. 
The  RF  switches  are  rated  to  allow  switching  with  the  transmitter  ON.  However, 
the  operational  procedure  should  turn-off  the  transmitter  before  switching  to 
assure  that  arcing  does  not  occur  or  subsequent  damage  to  the  switch  may  occur. 

4.3.2  TRANSPONDER  OPERATING  MODES 

This  section  is  organized  into  subsections  which  reflect  the  two  basic  operating 
modes  of  the  transponder: 

1.  GSTDN  MODE 

Receiver  (Forward  Link) 

Transmit  (Return  Link) 

2 . TDRSS  MODE 

Receiver  (Forward  Link) 

Trasmit  (Return  Link) 

When  the  transponder  is  first  powered  up,  or  where  there  is  a interruption  of 
power,  the  forward  and  return  links  involve  data  rates  and  modulation  indices 
which  are  a function  of  the  configuration  which  the  transponder  automatically 
assumes.  Interruption  of  the  transmitter  prime  power  does  not  change  the 
configuration.1 
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Figure  4.3-2.  RF  Switch  Configuration  II 


Figure  4.3-3.  RF  Switch  Configuration  III 
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Figure  4.3-4.  Simplified  Diagram  of  PMP  Components  and  Mode  Switches 
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Upon  initial  DC  application  or  after  temporary  disruption * the  receiver  will  be 
in  the  dual  mode  and  low  TDR.SS  command  rate * i.e*  P forward  link  GSTDN  reception 
at  2 Kbps  or  TLRSS  at  125  bps.  The  transmitter  will  be  OFF  with  the  mode  states 
indicated  below. 


Mode 

Modulation  Index 

Telemetry  Inputs : 

STDN  1 and  2 
Ranging  Channel 

Automatic  Transmitter  ON: 

Override 

Automatic  AUX  OSC  to  VCO 


STDN 

LOW 

OFF 

Disabled 

Inhibited 

Allowed 

Allowed 


The  transponder  can  be  commanded  into  either  the  TPRSS  or  GSTDN  mode  as 
required.  Only  one  transmitter  should  be  powered  at  a time*  In  the  GSTDN  mode, 
a low  modulation  index  is  used  when  the  R/T  telemetry  data  is  accompanied  by 
ranging  (mode  A of  the  POT).  All  other  PKP  GSTDN  modes  require  high  modulation 
index* 

4. 3. 2*1  GSTDN  Mode 


There  are  two  commendable  states  of  the  transponder  which  result  in  the  use  of 
two  different  acquisition  threshold  values.  The  states  are: 

1.  Dual  GSTDN/TDRSS  Acquisition 

2.  Commanded  GSTDN  only 


In  the  dual  GSTDN/TDRSS  Acquisition  state,  the  receiver  looks  for  the 
appropriate  signal  in  two  dynamic  ranges. 


and 


-50  dBm 

to  GSTDN  signal 

-95  dBm 

-HO  dBm 

to  TDRSS  signal 

“135  dBm 
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In  other  words,  the  first  criteria  for  locking  onto  the  appropriate  GSTDN  or 
TDRSS  signal  is  based  upon  power  level  only*  Note  that  the  area  between  -95  to 
-110  dBm  (15  dBm  range)  is  a non-uiseahle  area  i.e.  the  receiver  does  not  lock  up 
to  either  mode.  After  lock  up  in  a given  mode  (TDRSS  or  GSTDN),  the  mode  remains 
unchanged  even  down  to  -130  dBm. 

The  GSTDN  ground  station  signal  is  swept  in  frequency  about  the  nominal  rest 
frequency  of  the  transponder  receiver  which  acquires  and  tracks  the  ground 
station  signal* 

It  should  be  noted  that  there  Is  no  TDRSS  only  mode  as  is  the  case  for  GSTDN. 

The  inputs  to  the  transponder  are  command  controllable.  The  ON/OFF  control  of 
the  telemetry  channels  and  modulation  Index  are  accomplished  by  bit 
configuration  within  a 16  bit  serial  digital  command  word.  The  receivers  are 
always  powered*  The  transmitter  prime  power  is  controlled  by  a discrete  command 
to  the  PCU,  however,  the  ON/OFF  state  should  be  controlled  by  transponder  serial 
digital  commands.  Command  states  are  covered  in  Section  4.6. 

In  the  GSTDN  Mode,  the  forward  link  Is  detected  by  the  command  detector  unit  at 
the  2 KBps  Command  data  rate  which  is  delivered  along  with  clock  timing,  and  a 
"inlock"  signal  to  the  Central  Unit  (CU)  for  processing.  GSTDN  2 Kbps  command 
rate  is  fixed  and  is  not  command  selectable. 

The  return  link  can  contain  either  the  spacecraft;  R/T  telemetry  only,  or  both 
the  R/T  Telemetry  and  High  Rate  Channel  Data.  Both,  if  present,  and  selected  by 
the  PMP  Serial  Magnitude  (digital)  command,  are  summed  together  In  the  PMP  and 
are  relayed  over  a line  (STDN  #1)  to  the  transponder. 

Note  that  STDN  #2  telemetry  output  from  the  PMP  is  not  used* 

The  TDRSS  functions  of  the  Modulator  are  completely  disabled  automatically  in 
the  GSTDN  Mode. 

4. 3. 2. 2 TDRSS  Mode 

The  reception  of  the  TDRSS  signal  is  initiated  in  the  range  of  -110  dBm  to  -135 
dBm  to  the  receiver.  In  order  to  begin  commanding  or  ranging,  the  PN  or  Gold 
Code  acquisition  must  be  completed. 

The  receiver  must  first  complete  the  short  PN  code  acquisition,  then  the  long  FN 
code  acquisition  can  begin. 

4. 3. 2. 2.1  TDRSS  Mode  Acquisition  States 

As  shown  In  Figure  4.3-5,  there  are  1,023  chips  to  the  short  PN  code  and  261,888 
(1023  x 256)  chips  to  the  long  PN  code.  The  PN  code  rate  received  is  3.07 
megachips  per  second  (MCPS). 
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To  acquire  the  short  PN  code  it  takes  approximately  20-25  seconds  to  receive  and 
lock  onto  the  entire  code  with  about  90%  confidence.  On  the  average  the 
acquisition  time  is  shorter.  It  takes  about  5 seconds  to  acquire  the  carrier 

signal  level  and  10  seconds  to  acquire  the  PH  code  for  a total  of  15  seconds. 

Once  the  short  PN  code  is  recognized,  commanding  can  begin. 

The  long  PN  code  will  be  locked  onto  using  the  short  PH  code  which  takes 

approximately  10  seconds.  Hence,  it  takes  a total  of  approximately  25-30  seconds 

to  acquire  the  TDRSS  signal  before  ranging  can  begin.  , 

After  the  receiver  acquired  a long  code,  and  it  can  acquire  a shifted  long  code, 
which  is  2 chips  away  from  current  chip,  then  the  receiver  breaks  lock  and 
starts  over.  A multi  path  is  present  by  definition,  multi  paths  are  possible 
especially  when  the  line  of  sight  between  the  TDRSS  and  Lands at-D  spacecrafts  is 
near  the  earths  horizon  over  water. 

The  Command  Detector  in  the  TDRSS  Transponder  is  commanded  to  operate  in  either 
the  125  Bps  or  1 Kbps  bit  rate.  The  command  bit  rates  are  controlled  by  bits 
C^2  and  of  the  Transponder  16-bit  serial  digital  command.  There  is  no 

commands ble  command  bit  rate  for  the  GSTDN. 

The  most  likely  arrangement  for  command  bit  rates  is  to  have  receiver  A in  the 
125  BPS  configuration  and  receiver  B in  the  1 KBPS  configuration  or  vice  versa. 
This  assures  that  the  command  signal  via  TDRSS  will  be  received  regardless  of 
either  command  rate. 

It  should  also  be  noted  that  the  Command  Detector  Unit  will  automa tically  switch 
to  the  2 KBPS  Command  bit  rate  when  the  GSTDN  Signal  has  been  selected. 
Therefore,  the  2 KBPS  command  bit  rate  is  not  a controlled  item  via  ground 
command . 

In  the  TDRSS  Mode,  the  return  link  telemetry  channels  for  the  Multiple  A.: cess 
(MA)  and  the  S-Band  Single  Access  (SSA)  transmitters  are  identical  except  for 
the  bandwidth  of  the  modulator  filter: 

Access  Method  Bandwidth 

MA  8 MHZ 

SSA  12  MHZ 


Two  input  channels  from  the  PMP  to  the  transmitter  are  provided  as: 
Channel  Description 


I 

Q 


I Channel  (In-Phase) 

Q Channel  (Quadrtaure) 
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The  relative  power  ratio  of  Q channel  to  the  I Channel  is  preset  (See  Data 
Format  Control  Book  Volume  II  Telemetry).  By  serial  digital  command  (Bits  C^, 
C-g  and  Cj*),  the  two  channels  to  the  modulators  can  be  disabled/enabled  in 
either  or1 both  I and  Q channels  independently • 

The  GSTDN  functions  of  the  modulator  are  completely  disabled  automatically  in 
the  TDRSS  Mode. 

For  a detailed  definition  of  the  TDRSS  signal  structure  and  operating  modes, 
refer  to  "Tracking  and  Data  Relay  Satellite  System  User's  Guide",  STDN  No. 
101.2,  Revision  3,  dated  January  1978. 

The  Transmit ter (s)  can  also  be  controlled  to  come  ON  automatically  (Bits  and 
]*2j)  by  serial  digital  command  once  an  uplink  signal  is  detected  (GSTDN  or 
TDRSS).  It  should  be  noted  that  once  the  transmitter  comes  ON,  it  stays  ON  even 
in  the  absence  of  an  uplink  signal.  It  must  be  commanded  OFF. 

4.3.3  PMP  OPERATING  MODES 

The  basic  modes  available  and  the  configuration  of  the  PMP  switches  necessary 
for  mode  selection  are  shown  in  Figure  4.3-4  and  listed  in  Table  4.3-1.  The 
mode  switching  includes  automatic  level  setting  for  the  two  STDN  output  signals 
to  ensure  the  proper  phase  modulation  indexes  for  each  signal  in  the  STDN 
transponder.  Options  are  provided  off  the  basic  modes  to  allow  convolutional 
encoding  of  real  time  data  (switch  S2),  convolutional  encoding  of  QBC  Dump,  NBTR 
Playback,  PCD  (switch  S9) , selection  of  real  time  telemetry  input  A or  B (sv/itch 
SI),  selection  of  STINT  input  A or  B (switch  S7) , and  selection  of  transponder 
output  A or  B (switch  S6) . Additional,  real  time  output  to  tape  can  be 
selected,  and  a real  time,  STINT,  or  TAPE  Hardline  Output  can  be  selected 
(switches  S15  and  S16) . The  TAPE  and  Hardline  Outputs  shall  be  turned  on/off 
through  control  of  power  to  the  output  amplifiers.  The  mode  outputs  shall  be 
turned  ON/OFF  through  control  of  power  to  the  STDN  and  TDRSS  output  amplifiers. 
This  method  shall  allow  the  provision  of  TAPE  and  Hardline  Outputs 
simultaneously  with  the  selection  of  a transponder  outputting  mode. 
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Table  4*3-1*  PMP-Trans ponder  Modes  of  Operation 
DATA 


MODE 


DATA  SOURCE 


DATA  RATE 


MODULATION  FORMAT 


A 

Realtime  Telemetry 

1 or  8 Kbps 

PSK  on  1.024  MHz 
Sinsuoldal  Subcarrier 
(PSK/ PM) 

B 

Realtime  Telemetry  Plus 

1 or  8 Kbps 

Same  as  A 

OBC  Dump 

32  Kbps 

PM  or  Carrier 

C 

Realtime  Telemetry  Plus 

1 or  8 Kbps 

Same  As  A 

NBTR  Playback 

256  Kbps 

PM  on  Carrier 

D 

Realtime  Telemetry  Plus 

1 or  8 Kbps 

Same  As  A 

Payload  Correction  Data 

32  Kbps 

PM  on  Carrier 

F 

Realtime  Telemetry 

1 or  8 Kbps 

SQPN/QPSK 
Data  PN  Encoded 

T 

n 

G 

Realtime  Telemetry  Plus 

1 or  8 Kbps 

Same  as  F 

u 

R 

S 

OBC  Dump 

32  Kbps 

S 

H 

Realtime  Telemetry  Plus 

1 or  8 Kbps 

Satie  as  F 

NBTR  Playback 

128  Kbps 

I 

Realtime  Telemetry  Plus 
Payload  Correction  Data 

1 or  8 Kbps 
32  Kbps 

Same  as  F 

NOTE: 

Mode  E & J not  used. 
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4. 3. 3.1  PMP  Input  Signals 
Signal  inputs  to  each  PMP  are: 

1.  Real  time  NRZ-L  data  and  required  clocks  from  either  of  two  STACC  CtKs 
with  rates  command  selectable  from  1 to  64  Kbps. 

2.  32  Kbps  computer  memory  NRZ-L  data  and  required  clocks  from  either  of 
two  STACC  STINTS . 

3.  NRZ-L  playback  from  an  NTBR  dedicated  to  the  PMP.  Recorders  will  be 
capable  of  providing  NRZ-L  data,  bit  rate  clock  and  two  times  bit  rate 
clocks  in  playback  mode. 

4.  32  Kbps  NRZ-L  Payload  Correction  data  from  the  PCD  Mux  in  PCU. 


4. 3.3. 2 PMP  Selectable  Modes 

The  Lands at-D  PMP  is  capable  of  operating  in  any  one  of  8 possible  command 
selectable  data  modes  to  the  transmitter  portion  of  redundant  transponders. 
Data  via  GSTDN  is  realtime  PSK  data  on  a subcarrier  alone  or  summed  with 
selected  high  rate  channel  data  directly  on  the  carrier.  The  composite  signal 
will  be  phase  modulated  on  the  S-band  carrier  within  the  transponder.  The  four 
GSTDN  data  modas  are: 

6 

Mode  A.  Realtime  biphase-S  data  phase  shift  keyed  on  a 1*024  x 10  R z 
subcarrier. 

Mode  B.  Same  as  Mode  A with  addition  of  biphase-S  On-Board  computer  memory 

dump. 

Mode  C.  Same  as  Mode  A with  NRZ-L  NBTR  Playback  data.  Playback  data  will  be 
256  Kbps. 

Mode  D.  Same  as  Mode  A with  NRZ-L  Payload  correction  data. 

Data  via  TDRSS  is  real  time  alone  or  combined  with  selected  high  rate  channel 
data  in  the  appropriate  TDRSS  quadri-phase  digital  data  mode.  The  four  TDRSS 
data  modes  are: 

Mode  F.  Realtime  NRZ-M  data  on  parallel  output  lines  for  the  I and  Q channels 
of  the  TDRSS  transponder.  Data  can  be  one-half  encoded. 

Mode  G.  Realtime  NRZ-M  data  on  the  I channel  and  NRZ-M  on  board  computer 

memory  dump  on  the  Q channel.  Both  data  streams  can  be  rate  one  half 
encoded . 
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Mode  H.  Same  as  Mode  G except  N.BTR  playback  data  on  the  Q channel. 

Mode  I.  Same  as  Mode  G except  payload  correction  data  on  the  Q channel. 

The  output  modes  are  mutually  exclusive.  To  conserve  power,  interface  circuits 
are  turned  OFf  when  not  in  use.  Mode  selection  will  be  via  serial  magnitude 
command . 


4.3  .3 .3  PMP  Hardline  and  NBTR  Output 

Data  on  these  lines  is  command  selectable  real  time  telemetry  or  High  Rate 
Channel  Data.  The  hardline  output  is  available  simultaneously  with  either  the 
TDRSS  or  STDN  mode.  Output  to  the  tape  recorder's  record  amplifier  consists  of 
NRZ-L  data  and  XX  clock. 

4.3.4  STACC  CU  MODES  OF  OPERATION 

The  modes  of  Operation  for  the  STACC  Central  Unit  are  summarized  as  follows: 

1.  OFF/S tandby 

2.  Self  On 

3.  Format  I (Engineering) 

4.  Format  II  (Mission) 

5.  OBC  Controlled  Format 

6.  Dwell 

7 . Computer  Dump 

4. 3. 4.1  STACC  CU  Off/Standby  Mode 

The  CU  OFF/Standby  mode  is  only  entered  or  exited  by  the  special  commands  sent 
from  the  Ground.  The  CU  can  process  special  commands  in  the  OFF/STANDBY  Mode- 

4. 3. 4. 2 SELF-ON  Mode 

This  mode  of  the  CU  is  entered  and  exited  only  by  the  ground  initiated  special 
commands.  The  Initial  Power  ON  condition  selects  the  internal  oscillator 
(external  ultra-stable  must  be  commanded  ON)  and  engineering  format  PROM  at  1 
KBPS  rate..  To  go  back  to  the  internal  oscillator,  command  CU  OFF. 
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4. 3. 4. 3 Format  I Mode  (Engineering) 

In  this  mode  of  operatioi,  the  CU  Is  constructing  the  format  of  the  return  link 
telemetry  from  PROM  One.  ^he  format  is  independent  of  the  telemetry  rate, 

however,  it  is  transmitted  at  the  8 KBPS  on-orbit  normal  telemetry  rate  (see  the 

DFCB , Volume  II,  (Telemetry).  The  format  Is  Initiated  by  a STACC  CU  Serial 
magnitude  command  zero  to  RIU  #1  in  the  C&DH  Subsystem  (bits  13  and  14). 

4. 3. 4. 4 STACC  CU  Format  XI  Mode  (Mission) 

In  this  mode  of  operation,  the  CU  is  constructing  the  format  of  the  return  link 
telemetry  from  PROM  two.  Format  II  is  independent  of  telemetry  rate,  however, 
it  is  normally  transmitted  at  8 kbps.  (See  the  DFCB  Volume  XI,  (Telemetry). 

This  format  is  initiated  in  the  same  manner  as  format  I above. 

4. 3. 4. 6 STACC  CU  OBC  Controlled  Format  Mode 

The  OBC  controlled  format  provides  a flexible  means  to  control  telemetry  from 
the  OBC  memory  which  is  updateable  by  ground  command.  (See  the  DFCB,  Volume  II, 
Telemetry.)  This  format  is  initiated  in  the  same  manner  as  Format  I above. 

4. 3. 4. 7 STACC  CU  Dwell  Mode 

In  the  Dwell  Mode,  the  minor  frame  word,  identified  by  ground  command  (RIU  #1, 
Command  0)  bits  5 through  11,  defines  the  Minor  Frame  word  to  be  repeated  In  the 
telemtry  format  except  for  the  16  fixed  words.  This  mode  is  entered  by  STACC  CU 
serial  magnitude  command. 

4. 3. 4. 8 STACC  CU  Computer  Dump  Mode 

During  this  mode,  the  CU  receives  the  data  (memory)  via  the  STINT  and  passes  it 
to  the  Pre-Modulator  Processor  (PM P).  A unique  format  is  transmitted  over  the 
extra  channel  from  the  PKP  to  the  transponders.  (See  the  DFCB,  Volume  II 
Telemetry  for  the  format.)  The  dump  Is  set  up  by  a Special  Command  to  RIU  #0 
for  a data  rate  of  1 or  32  KBPS.  Subsequently,  a pair  of  OBC  Executive  Request 
Commands  (Software  Controlled  dump)  or  hardware  commands  (CLEAR,  SELECT  FIXED 
BANK,  DUMP  FIXED  BANK)  as  words  for  the  computer  will  Initiate  the  OBC  Dump. 
Four  copies  of  the  dump  are  sent.  This  mode  of  operation  can  work  concurrently 
with  the  dwell.  Format  I/II  or  OBC  controlled  format  modes. 
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4.3.5  RIU  MODES  OF  OPERATION 
An  RIU  has  three  modes  of  operation: 

1.  OFF 

2.  STANDBY  1 

3 . STANDBY  2 

4. 3. 5.1  Off 

In  this  mode  of  operation,  the  RIU  will  not  provide  telemetry s Frame  and  Word 
Rate  Sync,  clock  (1.024  MHZ)  nor  process  serial  magnitude  commands  and  Discrete 
Commands  (1-63).  It  will  however  process  discrete  command  zero  (activation  of 
STANDBY  1 or  SELF  ON). 

4. 3. 5. 2 STANDBY  1 

In  STANDBY  1 mode,  the  RIU  can  process  discrete  commands  1 through  63  but  cannot 
process  serial  magnitude  commands.  1+  is  essentially  identical  to  OFF  (above) 
except  that  discrete  commands  (1-63)  will  be  processed  when  received. 

4.3.5. 3 STANDBY  2 

To  Initiate  this  mode,  RIU  A or  B will  process  discrete  command  6-3  which  places 
it  in  STANDBY  2 and  turns  the  MATE  OFF. 

If  there  is  a power  failure,  the  unit  remains  the  same  as  prior  to  the  failure. 
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4.3.6  PCU  MODES  OF  OPERATION 

Essentially  the  PCU  provides  continuous,  dedicated  or  switched  output  power  to 
the  C&DK  subsystem  as  summarized  as  follows: 


Destination 

Type 

Transponder  Receiver  A 

- 

Continuous 

Transponder  Receiver  B 

- 

Continuous 

R.F.  Switch  #1 

- 

Continuous 

R.F . Switch  n 

- 

Cont inuous 

PMP-A 

- 

Continuous 

PMP-B 

- 

Continuous 

STACC  CU-A 

- 

Continuous 

Unregulated 

STACC  CU-B 

- 

Continuous 

STACC  RIU-A 

— 

Continuous 

STACC  RIU-B 

- 

Continuous 

Transponder  Transmit ter- A 

- 

Switched 

Transponder  Transmi tter-B 

- 

Switched 

R.F.  Switch  BUS-A 

- 

Switched 

R.F.  Switch  BUS-B 

- 

Switched 

Module  Heater  #1 

- 

Switched 

Module  Heater  #2 

- 

Switched 

NBTR  A 

- 

Continuous 

NBTR  B 

- 

Continuous 

STINT  A 

- 

Dedicated 

Conditioned 

STINT  B 

- 

Dedicated 

Memories 

- 

Switched 

The  four  areas  of  PCU  operation  are  as  follows:  Switched  primary  voltage 
distribution,  transponder  receiver  hardline  command  enable,  power  supply,  OBC 
functions,  and  retsoration  of  computer  operation  subsequent  to  an  overvoltage, 
overcurrent  or  undervoltage  fault. 

4. 3.6.1  Switched  Distribution 

Switched  (enable/disable)  power  lines  are  provided  to  the  transponder 
transmitters  and  Module  Heaters.  In  the  case  of  transmitters,  power  on-off  is 
controlled  by  commands  directly  to  the  individual  transmitters.  Power  to  the 
Module  Heaters  is  controlled  by  thermostat  located  in  the  heater  vicinity. 

The  RF  Switches  can  be  operated  either  from  the  Bus  Select  A or  the  Bus  Select  B 
position.  The  Bus  Select  A position  must  be  used  when  operating  with  RXU-A,  and 
the  B position  with  RIJ-B. 
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4. 3. 6. 2 Transponder  Receiver  Hardline  Command  Enable 

The  Transponder  Receiver  Hardline  Command  Enable  function  is  obtained  for  both  A 
and  B units  by  application  of  a single  28  volt  source  (Figure  4 •1-13) * Since 
relays  in  the  PCU  are  non-latching,  the  28V  control  must  be  maintained  during 
the  entire  command  time  duration. 

4 .3 .6.3  OBC  Power  Supplies 

In  operating  the  OBC-pover  supplies,  caution  must  be  exercised  to  prevent  damage 
to  the  memories  or  relays,  by  verifying  that  the  power  supplies  are  off  before 
any  switching  of  memories  is  attempted.  Additionally  only  one  (either  A or  B)  of 
the  power  supplies  should  be  ON  at  a time. 

In  configuring  the  memories  to  the  ON  state  there  are  two  initial  conditions  to 
be  set  prior  to  power  supply  turn-on.  After  deciding  which  memories  will  be 
activated  and  which  power  supply  will  be  used,  proceed  by  sending  the  Memory 
Power  Supply  Select  Commands,  e.g.,  In  Table  4.6-1  send  commands  42  and  37  for 
all  memories  to  Power  Supply  A.  Depending  on  which  memories  are  to  be  powered 
send  the  appropriate  Memory  Enable  commands.  Note  that  for  the  full  complement 
of  eight  Memories  they  are  disabled  four  at  a time  and  enabled  two  at  a time. 

When  it  is  desired  that  only  certain  memories  be  energized,  depending  on  the 
previous  configuration,  it  might  be  necessary  to  first  send  the  disable  commands 
(commands  40  and  35). 

After  the  memories  are  configured,  the  selected  power  supply  can  be  turned  ON. 

With  the  power  supply  ON,  conditioned  secondary  voltages  are  available  to  the 
dedicated  STINT  and  CPM.  The  OBC  oscillator  and  computer  protection  circuit  are 
also  operational.  For  the  latter,  there  are  two  functions  that  must  be 
satisfied  before  the  computer  is  allowed  to  operate.  The  first  function 
Involves  an  Internal  measurement  of  the  +5V  secondary  voltage  and  verification 
that  It  is  within  prescribed  limits.  This  function  is  represented  by  the  Power 
Clear  box  in  Figure  4.1-13  and  is  always  powered  by  +5  Volts  obtained  from  the 
RIU.  The  second  is  the  reception  of  an  RIU  (either  A or  B)  supplied  one  second 
check  signal  .(at  least  every  three  seconds)  Indicating  proper  computer 
operation.  The  latter  is  supplied  to  the  Computer  Failure  Detector  of  Figure 
4.1-13  which  is  powered  by  the  power  supply.  Computer  Failure  Detector  Disable 
commands  are  provided  to  allow  initial  turn-on  of  the  system  (i.e.,  there  is  no 
one  second  computer  signal  when  the  computer  is  OFF). 

With  the  Computer  Failure  Detector  Enabled,  if  either  of  the  above  two  functions 
are  not  satisfied,  the  output  circuit  is  clamped  to  ground.  This  causes  the 
computer  operation  to  halt  after  approximately  3 seconds  of  no  continuous  pulses 
with  RIU  // 1.  This  will  cause  a safe  hold. 
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4. 3. 6. 4 Power  Supply  Fault 

The  above  output  circuit  is  also  grounded*  and  computer  operation  halted  when 
either  of  the  power  supply  faults  occur,  i.e>,  overvoltage,  overcurrent  or 
undervoltage.  As  previously  indicated  the  power  supply  DC/DC  converter  is 
turned  OFF  when  the  fault  occurs,  which  causes  the  +5  +5%  Volt  secondary  voltage 
to  be  exceeded.  This  in-turn  results  in  grounding  of  the  open  collector  output 
to  the  OBC.  For  the  overvoltage  fault,  the  power  supply  secondary  voltages  are 
automatically  restored  subsequent  to  clearing  of  the  fault.  The  overcurrent  and 
undervoltage  faults  require  the  command  sequence  of  Power  Supply  OFF  then  Power 
Supply  ON  to  restore  the  DC  voltages.  In  all  three  cases,  overvoltage, 
overcurrent  and  undervoltage,  the  OBC  commands,  proceeded  by  the  CFD  Disable 
Command,  are  required  to  start  the  computer. 

4.4  C£DH  Subsystem  Constraints 

4.4.1  R.F.  SWITCH  CONSTRAINTS 

When  reconfiguring  the  RF  Switch  the  transmitter  must  be  off  to  prevent  possible 
switch  damage. 

4.4.2  TRANSPONDER  CONSTRAINTS 

1*  Transmitter  turn  ON/OFF  should  he  accomplished  with  the  transponder 
serial  magnitude  command,  not  the  PCU  Enable/Disable  discrete 
commands . 

2.  If  the  transponder  is  receiving  a strong  signal  it  may  not  be  possible 
to  command  via  TDRSS  mode  due  to  lower  level  of  signal  required  (-110 
to  -135  dBm)  since  the  transponder  will  be  looking  for  a GSTDN  type 
signal. 

3.  When  the  transponder  is  operating  in  the  coherent  turn  around  mode  and 
ranging  is  being  conducted  via  GSTDN,  the  high  rate  channel  (OBC  Dump, 
PCD  NBTR  Playback)  must  not  be  commanded  ON.  That  is,  ranging  and  high 
rate  data  are  mutually  exclusive. 

4.  Coherent  Mode  can  cause  noise  on  the  return  link  bit  stream  when 
switching  PMP  modes.  Use  the  non-coherent  mode  to  avoid  this  problem 
by  inhibiting  the  automatic  transfer  from  "Auxiliary  Oscillacc.'  to 
VC0‘*  by  Transponder  serial  magnitude  command. 
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4.4.3  PMP  CONSTRAINTS 


1 • PMP  Mode  A should  not  be  used  except  for  an  emergency,  where  the  high 
mod  index  (1.6)  might  be  useful  e.g.,  transmitter,  PMP  or  anterma 
problems  might  warrant  a high  index  for  telemetry  to  GSTDN.  Otherwise 
use  PMP  mode  B (Realtime  Telemetry  and  High  Rate  data  to  STDN)  where 
both  can  be  transmitted  simultaneously . 

2.  The  PMP  may  be  turned  OFF  when  not  transmitting,  to  save  power, 
however  it  should  be  left  in  the  ON  state  since  no  additional  power  is 
used . 


4.4.4  STACC  CU  CONSTRAINTS 


1.  Only  one  CU  should  be  commanded  ON  at  any  time.  If  both  are  ON,  the 
MDB  (bus)  data  will  be  worthless  and  therefore  not  meaningful  to  the 
RIU's  nor  CU"s,  but  no  damage  occurs.  The  recovery  is  to  turn  both 
CU's  OFF  then  CU  (A  or  B)  ON  by  special  commands  (RIU  #0). 

2.  R.F.  Commands  override  hardline  commands. 


4.4.5  , FvIU  CONSTRAINTS 

The  RIU^s  in  the  C&DH  Subsystem  have  no  operational  constraints  except  that  in 
normal  C&DH  operations,  one  RIU  is  active  and  the  alternate  is  OFF..  Once  in 
c ration,  the  CU  controls  the  RIU. 

4.4.6  PCU  CONSTRAINTS 

The  PCU  const raters  are  summarized  below: 

* * Power  supplies  must  be  powered  OFF  when  configuring  the  memories 
( P.-'*?er  Supply  Select  and  Memory  ENABLE/ D IS  ABLE ) . 

2.  Only  one  Power  Supply  should  be  ON  at  a time. 

3.  The  Transponder  transmitter  ON/OFF  control  should  be  obtained  directly 
by  commands  to  the  Transponder.  The  ENABLE/ DISABLE  Transmitter 
command  at  the  PCU  is  for  back-up  only. 
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4.5  REDUNDANCY/ CROSS  STRAPPING 

A general  description,  of  the  redundancy  and  cross  strapping  of  the  C&DK 
subsystem  is  given  below.  A simplified  bloek  diagram  of  the  C&DH  Subsystem, 
including  redundancies,  is  given  in  Figure  4.1-1* 

The  discussion  of  redundancies  can  be  simplified  by  classifying  the  types  of 
redundancies  employed  In  the  subsystem.  These  are  shown  in  Figure  4.5-1  and 
include: 

1.  Active  Cross-Strapping 

2.  Passive  Cross-Strapping 

3.  Dedicated  Assignment  (i.e.#  no  cross-strapping) 


An  example  of  the  active  type  is  the  forward  link  signals  from  the  transponders 
receivers  to  the  CD's.  Here,  both  receivers  A and  B are  continuously  powered  and 
supply  signals  to  both  CU^s  simultaneously.  A given  CU,  when  powered,  can  select 
either  of  these  two  receiver  signals  tor  distribution  to  the  subsystem  (without 
any  overt  command  control). 

The  passive  cros.s-s ti applng  also  permits  signal  feed  from  the  A & B components 
to  the  interfacing  A & B components,  as  shown  in  Figure  4.3-1  for  the  downlink 
telemetry  signal  from  the  CU  to  the  PKP  < However,  here  command  control  is 
required  to  reconfigure  the  standby  component,  e.g.,  PMP-A  selection  of  CU-B  and 
turn-on  of  CU-B  (and  turn-off  of  CU-A) . 

Dedicated  assignments  of  redundant  components,  e.g.,  CPM  to  STINT,  does  not 
include  cross-strapping.  Either  both  A units  or  both  B units  are  powered 
simultaneously . 

For  convenience,  the  redundancy  classifications,  and  ON/OFF  component  status, 
described  below,  are  summarised  in  Table  4.5-1. 

By  convention,  prime  and  redundant  components  are  designated  by  the  letters  A 
and  B,  respectively.  Other  letter  (or  number)  designation  signifies  either  no 
redundancy  or  that  components  may  be  used  in  various  combinations  (e.g.,  the  OBC 
memories) . 
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Table  4.5-1.  Component  Redundancy  Classification  and  On/Off  Status 


Component /Funt ion 

Redundancy* 

On/Off  Status 

Omni  Antenna  to  Transponder  Receiver  A 

D 

Both  receivers  are 

Omni  Antenna  to  Transponder  Receiver  B 

D 

continuously  powered 

Transponder  Transmitter  A to  Omni  1 or 

High  Gain  Ant. 

P 

Only  one  trans- 

Transponder  Transmitter  B to  Omni  2 or 

mi t ter  powered 

High  Gain  Ant. 

Hardline  (Baseband  Commands  to 

D 

- 

Receiver  A 

| Hardline  (Baseband)  Commands  to 

D 

- 

Receiver  B 

Baseband  Commands  from  the  Module 
Interface  Connector  or  Module  Test 

1 Connector  to  CU  A&B,  respectively 

D 

Only  one  CU  is  ON, 

J Receivers  A&B  to  each  CU 

A 

Only  one  CU  is  ON, 
the  alternate  unit 
is  in  Standby 

CU  Special  Commands 

D 

- 

CU  to  Supervisory  Line  (Telemetry  & ] 

Command) 

P 

- 

MDB  Supervisory  Line  Command  Message  to 

RXU's 

P 

Only  one  RIU  is  ON 

RIU  Commands  and  Telemetry  to/ from  Users 

P 

(Standby  2),  the 
alternate  unit  is 
in  Standby  (DFF) 

CU  A and  B to  STINT  A and  B (telemtry) 

P 

Only  one  STINT 

data  and  stored  commands) 

powered 

STINT  A to/from  CPM  A 

D 

Only  one  CPM  powered 

STINT  B to/from  CPM  B 

D 

\ CPM  to  Memories 

P 

Memories  can  all  be 

simultaneously 

powered 

- Active  Cross-Strap 
P - Passive  Cross-Strap 
D - Dedicated  Assignment 
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Table  4.5-1.  Component  Redundancy  Classification  and  On/Off  Status 


Component /Fun t ion 

Redundancy* 

On/Off  Status 

Memories  address  re- 
cognition circuitry 
are  simultaneously 
powered 

MDB  Supervisory  Line  Telemetry  Request 
to  RIUs' 

RIU  Telemetry  to  MDB  Reply  Lines 
MDB  Reply  Lines  to  CU 

P 

A 

P 

- 

CU  A and  B R/T  TLM  to  PMP  A&B 

P 

- 

STINT  A and  B Memory  Dump  to  PMP  A&B 

P 

- 

Tape  Recorder  A TLM  Playback  and  Record 
to/ from  PMP- A 

D 

- 

Tape  Recorder  B TLM  Playback  and  Record 
to/ from  PMP- B 

D 

- 

External  Data  - MIC  to  PMP-A 

5 

External  Data  - MIC  to  PMP-B 

D 

- 

PMP  A&B  to  Transmitters  A&B 

P 

Mission  requires 
that  both  PMPs  be 
powered  simultan- 
eously for  some 
operational  modes 

PCU  Power  Supply  A Secondary  Voltage 
to  STINT  A and  CPM-A 
PCU  Power  Supply  B Secondary  Voltage 
to  STINT  B and  CPM-B 

D 

Only  one  power 
supply  powered 

PCU  Power  Supply  A and  B Secondary 
Voltage  to  Memories 

P 

- 

PCU  (OBC)  Oscillator  and  Failure 
Detector  to  OBC 

D 
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4.5.1  RF  SWITCH  REDUNDANCY 

All  RI  Switch  and  Antenna  feed  functions  are  provided  redundantly  as  previously 
describe!  in  paragraph  4. 1.1.1. 

Starting  with  the  RF  signal  flow,  there  are  four  antenna  ports.  These  interface 
with  transponders  A and  B through  the  RF  switches  and  diplexers  producing  three 
commandable  transmit  configurations: 


RF  Configuration 


Transponder  A 
Transmit  Antenna 


Transponder  B 
Transmit  Antenna 


I Omni  1 

II  High  Gain 

III  Omni  I 


High  Gain 
Omni  2 
Omni  2 


Forward  link  reception  Is  non-swi tchable . Transponder  receiver  A and  B signal 
reception  Is  from  either  the  OMNI's  or  the  High  Gain  Anterma. 

Commands  to  the  subsystem  can  be  obtained  from  signals  applied  directly  to  the 
receiver's  detectors  (Hardline  Commands)  or  via  RF.  Both  the  A and  B receivers 
are  powered  continuously,  and  during  RF  operation  will  both  provide  baseband 
signals  to  CU-A  and  B simultaneously.  Only  one  CU  is  ON  at  & time,  the 
alternate  unit  is  maintained  in  a standby  mode. 

4.3.2  TRANSPONDER  REDUNDANCY 

The  Landeat-D  employs  redundant  transponders.  The  transponders  can  be 
configured  by  ground  command,  for  either  the  TDRSS  or  GSTDN  mode.  The  return 
(telemetry)  link  transmission  signals  are  obtained  from  either  the  PMP-A  or  PMP-* 
B to  either  the  A or  B transmitter  (see  Figure  4.1-4). 

4.5.3  PMP  REDUNDANCY 

The  PMP  is  a completely  redundant  unit,  with  capability  of  operating  the  A or  B 
side.  There  Is  a dedicated  assignment  of  tape  recorder  input  and  output  signals 
to  each  PMP.  Hardline  monitors  are  also  dedicated.  The  PKP-A  Hardline  monitor 
is  applied  to  hardline  output  A and  PMP-B  hardline  monitor  is  applied  to 
hardline  output  B.  Each  PMP  can  operate  with  either  transponder  for  forward  or 
return  links.  The  PMP' s are  cross-strapped  to  the  STACC  CD's  to  also  operate 
with  either  CU. 
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4.5.4  STACC  CU  REDUNDANCY 

The  A and  B STACC  CU's  provide  baseband  signals  from  both  the  A ana  B receivers 
simultaneously.  Only  one  CU  is  ON  at  a time.  The  alternate  unit  is  maintained 
in  the  standby  mode.  A form  of  dual-diversity  (sharp  selection,  with  priority 
given  to  reception  from  receiver  A and  transfer  inhibit  to  prevent  message  gaps) 
is  contained  within  each  CU,  which  in  effect  gives  an  active  cross-strap 
redundancy  from  the  receivers  to  each  CU.  The  signal,  after  processing  by  the 
CU,  can  be  routed  to  three  areas.  It  can  be  sent  to  either  STINT  A or  B,  or  sent 
via  the  redundant  supervisory  lines  A/B  to  the  BCU's  and  on  to  the  RIU"s.  The 
RIU's  send  data  to  either  CU  A/B  via  redundant  reply  lines  A/B. 

4.5.5  RIU  REDUNDANCY 

Commands  are  routed  to  the  RIU* a via  redundant  supervisory  lines.  This  can  be 
the  RIU  (A  or  B)  within  the  C&DH  module,  or  one  of  the  other  subsystem  RIU's. 
Within  the  C&DH  both  RIU  A&B  monitor  the  Supervisory  Line  message  (active  cross- 
strapping). Upon  receipt  of  a properly  addressed  message,  the  RIU  distributes 
the  message  to  the  C&DH  components.  Either  RIU  A or  B can  be  used  to  issue  any 
command  assigned  to  the  C&DH  subsystem. 

The  telemetry  signals  are  gathered  by  the  RIUo.  Either  RIU  A or  B in  the  C&DH 
can  be  used  to  provide  all  C&DH  assigned  telemetry*  Reply  lines  are  redundant 
and  telemetry  return  from  RIU  is  carried  on  both  reply  lines  simultaneously. 

4.5.6  PCU  REDUNDANCY 

The  PCU  obtains  primary  bus  voltage  (28  volts,  nominal)  and  distributes  it  ,to 
most  components.  The  exceptions  are  the  OBC  (CPM  and  Memories)  and  STINT.  The 
latter  are  suoplled  with  conditioned  secondary  voltages  from  redundant  power 
supplies  in  the  PCU.  The  memories,  however,  by  command  selection  can  be  powered 
from  either  the  A or  B supply,  whichever  unit  is  ON. 

The  PCU  also  contains  redundant  oscillators  and  computer  failure  detector 
circuitry  for  the  OBC,  that  are  similarly  dedicated  to  the  A and  B units, 
respectively.  Note  that  only  one  power  supply  should  be  energized. 
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■4 -.6  C&mi  COMMANDS 

Operation  of  th«s  C&DH  Subsystem  is  controlled  using  5 serial  magnitude  command® , 
46  discrete  commands*  and  13  special  commands*  Special  commands  are  discrete 
commands  addressed  directly  to  the  central  unit  (CU)  for  execution,  and  do  not 
require  operation  of  the  CU  clock  oscillator* 

Discrete  commands,  including  special  commands*  are  listed  in  Table  4*6-\,  vhich 
contains  the  command  address  (RIU  and  channel)  and  the  unique  acronym  assigned 
to  each  command  function*  Table  4*6-2  presents  th©  bit  structure  for  the 
magnitude  data  in  each  aerial  command*  and  Table  4*6-3  contains  the  command 
address  (ADD)  and  the  unique  acronyms  assigned  to  specific  serial  command  bit 
patterns  and  functions-  In  the  ADD  column,  the  first  character  identifies  the 
RIU,  the  second  character  (7)  indicates  a serial  magnitude  command,  and  the 
third  character  designates  the  serial  command  enable  line. 

Command  descriptions  are  provided  in  Section  4-6.1*  command  sequences  in  Section 
4.6.2,  command  restraints  in  Sect  Ion  4 .6 *3,  and  functional  diagrams  in  Section 
4 ...  6.4. 
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RIU 

CHAN 

ACRONYM 

1 0 

00 

CUNOOP 

i 0 

01 

CUSLFN 

1 0 

02 

CUMAF1 

0 

03 

CUMAF2 

0 

04 

CUEXON 

1 0 

05 

SUPRAN 

; 0 

06 

SU  PR  BN 

! 0 

07 

RPLYAN 

! o 

08 

RPLYBN 

; o 

09 

TLMHDN 

; o 

10 

TLMHDF 

0 

12 

0BC01K 

: 0 

13 

OBCD32 

l 

00 

SRIUEN 

; l 

63 

RIUSB2 

; i 

58 

MRIUDI 

1 1 

20 

STNSAN 

* 1 

22 

STNSAO 

1 

19 

STNSBN 

' 1 

21 

STNSBO 

i i 

26 

CP FD E A 

j 1 

28 

CPFDDA 

; l 

23 

CPFDEB 

j 1 

25 

CPFDDB 

i 1 

24 

CAISEC 

i l 

51 

CB.1SEC 

; i 

31 

MEMOEN 

1 1 

33 

MEM2EN 

1 1 

37 

SPAM02 

i 1 

39 

SPBM02 

: 1 

35 

MEMO 2D 

t 1 

36 

MEM1EN 

; i 

38 

mem Sen 

i * 

i > 

42 

SP.AM1 3 

1 1 

44 

SPBM1.3 

1 1 

40 

ME Ml  3D 

! 1 

16 

PMP AON 

! i 

04 

PMP AT A 

1 1 

06 

PA.MUXA 

I 

j 


CENTRAL  UNIT  NO  OPERATION  i 

SELF  CU  ON  (INT  OSC  SELECTED  & POWERED  ON) 

MATE  CU  OFF  1 

MATE  CU  OFF  2 

SELECT  EXTERNAL  OSC 

SELECT  SUPERVISORY  LINE  A ON/B  OFF 

SELECT  SUPERVISORY  LINE  B ON/A  OFF 

SELECT  REPLY  LINE  A ON/B  OFF 

SELECT  REPLY  LINE  B ON/A  OFF 

CU  HARDLINE  TELEMETRY  ON 

CU  HARDLINE  TELEMETRY  OFF 

SELECT  1 KBPS  OBC  DUMP 

SELECT  32  KBPS  OBC  DUMP 

RIU  1 SELF  ENABLE  (STANDBY  1) 

RIU  1 SELF  STANDBY  2 (MATE  RIU  DISABLE) 

RIU  1 MATE  DISABLE  (BACKUP) 

STINT  A AND  NSSC  A ON 

STINT  A AND  NSSC  A OFF 

STINT  B AND  NSSC  B ON 

STINT  B AND  NSSC  B OFF 

ENABLE  COMPUTER  FAILURE  DETECTOR  A 

DISABLE  COMPUTER  FAILURE  DETECTOR  A 

ENABLE  COMPUTER  FAILURE  DETECTOR  B 

DISABLE  COMPUTER  FAILURE  DETECTOR  B 

COMPUTER  A 1— SECOND  TEST 

COMPUTER  B 1 -SECOND  TEST 

ENABLE  MEMORY  0 (0  AND  4) 

ENABLE  MEMORY  2 (2  AND  6) 

SELECT  POWER  SUPPLY  A FOR  MEMORY  0 AND  2 (0,2,4 ,6) 

SELECT  POWER  SUPPLY  B FOR  MEMORY  0 AND  2 (0,2,4 ,6) 

DISABLE  MEMORY  0 AND  2 (0,2^4 ,6)  \ 

ENABLE  MEMORY  l (1  AND  5)  j 

ENABLE  MEMORY  3(3  AND  7)  ; 

SELECT  POWER  SUPPLY  A FOR  MEMORY  l AND  3 (1, 3, 5, 7)1 

SELECT  POWER  SUPPLY  B FOR  MEMORY  l AND  3 (1,3, 5, 7); 

DISABLE  MEMORY  1 AND  3 ( 1 ,3 ,5 ,7) 

PMP  A ON  I 

PM?  A SELECT  NBTR  1 PLAYBACK  ’ 

PMP  A SELECT  PCD  A 
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RIU 

CHAN 

ACRONYM 

COMMAND  NAME 

1 

08 

PAMUXB 

PMP  A SELECT  PCD  B 

1 

18 

PMPAOF 

PMP  A OFF 

1 

15 

PMPBON 

PMP  B ON 

1 

03 

PMPBTB 

PMP  B SELECT  NBTR  2 PLAYBACK 

1 

05 

PBMUXA 

PMP  B SELECT  PCD  A 

1 

07 

PBMUXB 

PMP  B SELECT  PCD  B 

1 

17 

PMPBOF 

PMP  B OFF 

1 

34 

S28ARF 

SELECT  28V  BUS  A FOR  RF  SWITCH  (RIU  A ONLY) 

1 

53 

S28BRF 

SELECT  28V  BUS  B FOR  RF  SWITCH  (RIU  B ONLY) 

1 

02 

RFCON1 

SELECT  RF  CONFIGURATION  1 

1 

01 

RFCON2 

SELECT  RF  CONFIGURATION  2 

1 

49 

RFC0N3 

SELECT  RF  CONFIGURATION  3 

1 

46 

XMTRAE 

TRANSPONDER  A XMIR  PRIMARY  POWER  ENABLE 

1 

48 

XMTRAD 

TRANSPONDER  A XMTR  PRIMARY  POWER  DISABLE 

1 

41 

XMTRBE 

TRANSPONDER  B XMTR  PRIMARY  POWER  ENABLE 

1 

43 

XMTRBD 

TRANSPONDER  B XMTR  PRIMARY  POWER  DISABLE 

1 

50 

HTRIEN 

ENABLE  HEATER  1 

1 

52 

HTR1DI 

DISABLE  HEATER  1 

1 

55 

HTR2EN 

ENABLE  HEATER  2 

1 

57 

HTR2DI 

DISABLE  HEATER  2 

1 

59 

NBTR  2 POWER  ON 

1 

60 

NBTR  1 POWER  ON 

1 

61 

NBTR  2 POWER  OFF 

1 

62 

NBTR  1 POWER  OFF 
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Table  4. 6-2.  Magnitude  Data  Bit  Structure 
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ADD 

16-BIT  MAGNITUDE 

ACRONYM 

COMMAND  NAME 

170 

CENTRAL  UNIT  CONTROL; 

170 

0001000000000000 

BRlKB 

SELECT  1 KBPS  BITRATE 

170 

001 1000000000000 

BR2KB 

SELECT  2 KBPS  BITRATE 

170 

0101000000000000 

BR4KB 

SELECT  4 KBPS  BITRATE 

170 

0111000000000000 

BR8KB 

SELECT  8 KBPS  BITRATE 

170 

1001000000000000 

BR16KB 

, SELECT  16  KBPS  BITRATE 

170 

1011000000000000 

BR32KB 

SELECT  32  KBPS  BITRATE 

170 

1101000000000000 

BR64KB 

SELECT  64  KBPS  BITRATE 

170 

0000000000000001 

CUFLXF 

SELECT  CU  FLEX  FORMAT 

170 

0000000000000011 

CUENGF 

SELECT  ENGINEERING  ROM  FORMAT 

170 

0000000000000101 

CUM1SF 

SELECT  MISSION  ROM  FORMAT 

170 

0000000000000111 

CFMFLX 

SELECT  OBC  FLEX  FORMAT 

; 170 

00001 WVVVVV1000 

DWELL  tV 

SWELL  ON  CHANNEL  V (0-127) 

; no 

i 

0000000000001C00 

NODWLL 

DWELL  MODE  OFF 

1 171 

OBC  SELF  TEST 

172 

PMP  CONTROL: 

172 

010 1000000000000 

PARTTN 

PMP  A R/T  DATA  TO  TAPE  ON 

i 172 

0001000000000000 

PARTTF 

PMP  A R/T  DATA  TO  TAPE  OFF 

I 172 

0000111000000000 

PACXNN 

PMP  A ENC  R/T  ON  AND  OBC/NBTR  I 

ON 

i 172 

0000001000000000 

FACXFF 

PMP  A ENG  R/T  OFF  AND  OBC/NBTR 

I OFF 

i 17  2 

0000011000000000 

PACXFN 

PMP  A ENC  R/T  OFF  AND  OBC/NBTR 

1 ON 

j 172 

0000101000000000 

FACXNF 

PMP  A ENC  R/T  ON  AND  OBC/NBTR  1 

OFF 

! 172 

0000000010001000 

PANMOA 

PMP  A SELECT  MODE  A XPNDR  A 

1 172 

0000000001001000 

PANMOB 

PMP  A SELECT  MODE  B XPNDR  A 

; 172 

0000000011001000 

PAN HOC 

PMP  A SELECT  MODE  C XPNDR  A 

! 172 

0000000000101000 

PANMOO 

PMP  A SELECT  MODE  D XPNDR  A 

! 17  2 

0000000010101000 

PANMOE 

PMP  A SELECT  MODE  F,  XPNDR  A 

j 172 

0000000001101000 

PANMOF 

PMP  A SELECT  MODE  F XPNDR  A 

1 172 

0000000011101000 

PANMOG 

PMP  A SELECT  MODE  G XPNDR  A 

! 172 

0000000000011000 

PANMOH 

PMP  A SELECT  MODE  H XPNDR  A 

1 172 

ooooooooioouooo 

PANMOI 

PMP  A SELECT  MODS  I XPNDR  A 

; 172 

0000000110001000 

PARMOA 

PMP  A SELECT  MODE  A XPNDR  B 

172 

000000010 100 1000 

PARMOB 

PMP  A SELECT  MODE  B XPNDR  B 

i 172 

0000000111001000 

PARMOC 

PMP  A SELECT  MODE  C XPNDR  B 

: 172 

0000000100101000 

PARKOO 

PMP  A SELECT  MODE  D XPNDR  B 

172 

• 00000001 10101000 

PARMOE 

PMP  A SELECT  MODE  E XPNDR  B 

’ 172 

0000000101101000 

PARMOF 

PMP  A SELECT  MODS  F XPNDR  B 

: 172 

i 

00000001U101Q00 

PARMOG 

PMP  A SELECT  MODE  G XPNDR  B 
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; ADD 

16-BIT  MAGNITUDE 

ACRONYM 

COMMAND  NAME  * 

; 172 

0000000100011000 

PARMOH 

PMP 

A 

SELECT  MODE  R XPNDR  B 

172 

0000000110011000 

PARMOI 

PMP 

A 

SELECT  MODE  I XPNDR  B 

172 

0000000000001000 

PANMOO 

PMP 

A 

XPNDR  A MODE  SELECT  OFF 

172 

0000000100001000 

PARMOO 

PMP 

A 

XPNDR  B MODE  SELECT  OFF 

: 172 

0000000001011000 

PANCUA 

PMP 

A 

XPNDR  A CU  A 

172 

0000000011011000 

PANCUB 

PMP 

A 

XPNDR  A CU  B 

172 

0000000000111000 

PANSTA 

PMP 

A 

XPNDR  A STINT  A 

172 

0000000010111000 

PAN STB 

PMP 

A 

XPNDR  A STINT  B 

172 

0000000101011000 

PARCUA 

PMP 

A 

XPNDR  B CU  A 

172 

000000011 1011000 

PARCUB 

PMP 

A 

XPNDR  B CU  B 

172 

0000000100111000 

PARSTA 

PMP 

A 

XPNDR  B STINT  A 

172 

00000001I011100Q 

PARSTB 

PMP 

A 

XPNDR  B STINT  B 

172 

0000000900000001 

PAHDOF 

PMP 

A 

HARDLINE  OUTPUTS  OFF 

* 172 

0000000000000101 

FARTKN 

PMP 

A 

REAL  TIME  DATA  TO  HARDLINE  ON 

172 

0000000000000011 

PAMDHN 

FMP 

A 

OEC  MEM  DUMP  TO  HARDLINE  OH 

: 172 

00000000000001 11 

PATDHN 

PMP 

A 

NETR  I/PCD  TO  HARDLINE  ON 

^ 172 

1101000000000000 

PBRTTN 

PMP 

B 

R/T  DATA  TO  TAPE  ON 

j 172 

1001000000000000 

PBRTTF 

PMP 

B 

R/T  DATA  TO  TAPE  OFF 

172 

1000111000000000 

PBCXNN 

PMP 

B 

ENC  R/T  ON  AND  OBC/NBTR  2 ON 

> 172 

1000001000000000 

PBCXFF 

PMP 

B 

ENC  R/T  OFF  AND  DEC/NBTR  2 OFF 

! 172 

1000011000000000 

PBCXFN 

PMP 

B 

ENC  R/T  OFF  AND  OBC/NBTR  2 ON 

■ 172 

1000101000000000 

PBCXNF 

PMP 

B 

ENC  R/T  ON  AND  OBC/NBTR  2 OFF 

j 172 

1000000000001000 

PBNMOO 

PMP 

B 

XPNDR  B MODE  SELECT  OFF 

i 172 

1000000100001000 

PBRMOO 

PMP 

B 

XPNDR  A MODE  SELECT  OFF 

i 172 

1000000110001000 

PBRMQA 

PMP 

B 

SELECT  MODE  A XPNDR  A 

172 

1000000101001000 

PBRMOB 

PMP 

B 

SELECT  MODE  B XPNDR  A 

172 

1000000111001000 

PBRMOC 

PMP 

B 

SELECT  MODE  C XPNDR  A 

172 

1000000100101000 

PBRMOD 

PMP 

B 

SELECT  MODE  D XPNDR  A 

172 

1000000110101000 

PBRMOE 

PMP 

B 

SELECT  MODE  E XPNDR  A 

172 

1000000101101000 

PBRMOF 

PMP 

B 

SELECT  MODE  F XPNDR  A 

172 

1000000111101000 

PBRKOG 

PMP 

B 

SELECT  MODE  G XPNDR  A 

172 

1000000100011000 

PBRMOH 

PMP 

E 

SELECT  HODS  H XPNDR  A 

172 

1000000110011000 

PBRMOI 

PMP 

B 

SELECT  MODE  I XPNDR  A 

172 

1000000010001000 

PENKOA 

PMP 

B 

SELECT  MODE  A XPNDR  B 

172 

1000000001G0100Q 

PBNMOB 

PMP 

B 

SELECT  MODE  B XPNDR  B 

172 

1G00000011001000 

FBNMOC 

FMP 

B 

SELECT  MODE  C XPNDR  B 

172 

1000000000101000 

PBNMOD 

PMP 

B 

SELECT  MODE  D XPNDR  B 

172 

• 1000000010101000 

PBNMOE 

PMP 

B 

SELECT  MODE  E XPNDR  B 

172 

1000000001101000 

PBNMOF 

PMP 

B 

SELECT  MODE  F XPNDR  B 

172 

1000000011101000 

PBNMOG 

PMP 

B 

SELECT  MODE  G XPNDR  B 
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Table  4 .6-3 . Serial  Command  Acronyms 


ADD 

16-BIT  MAGNITUDE 

ACRONYM 

COMMAND  NAME 

172 

1000000000011000 

FBNMOH 

PMP  B SELECT  MODE  H XPNDR  B 

172 

1000000010011000 

PBNMOI 

PMP  B SELECT  MODE  I XPNDR  B 

172 

1000000101011000 

PBRCUA 

PMP  B XPNDR  A CD  A 

172 

10000001 1101 1000 

PBRCUB 

PMP  B XPNDR  A CU  B 

172 

1000000100111000 

PBRSTA 

PMP  B XPNDR  A STINT  A 

172 

1000000110111000 

PBRSTB 

PMP  B XPNDR  A STINT  B 

172 

1000000001011000 

PBNCUA 

PMP  B XPNDR  B CU  A 

172 

1000000011011000 

PBNCUB 

PMP  B XPNDR  B CU  B 

172 

1000000000111000 

PBNSTA 

PMP  B XPNDR  B STINT  A 

172 

lOQOCOOOlOlllOOQ 

P BN STB 

PMP  B XPNDR  B STINT  B 

172 

1000000000000001 

PBHDOF 

PMP  B HARDLINE  OUTPUTS  OFF 

172 

1000000000000101 

PBRTKN 

PMP  5 REAL  TIME  DATA  TO  HARDLINE  ON 

172 

1000000000000011 

PBMDHN 

PMP  B OBC  MEM  DUMP  TO  HARDLINE  ON 

172 

1000000000000111 

PBTDHN 

PMP  B NBTR  2 /PCD  TO  HARDLINE  ON 

173 

TRANSPONDER  A CONTROL; 

173 

0001001000000000 

TAXSHM 

STDN  XMTR  ON  HI  MOD  INDEX  TLM  1 ON 

173 

0010001000000000 

TAXSLM 

STDN  XMTR  ON  LO  MOD  INDEX  TLM  1 ON 

173 

0100000000000000 

TAXTON 

TDRSS  XMTR  ON 

173 

0101000000000000 

TAXOFF 

TRANSMITTER  OFF 

173 

0110000000000000 

TAR STM 

RECEIVER  IN  DUAL  MODE 

173 

0111000000000000 

tarsmo 

RECEIVER  IN  STDN  MODE  ONLY 

173 

0000001000000000 

TATL1N 

TELEMETRY  LINE  1 ON 

173 

0000110000000000 

TATL1F 

TELEMETRY  LINE  1 OFF 

173 

0000010000000000 

TATL2N 

TELEMETRY  LINE  2 ON 

173 

0000111000000000 

TATL2F 

TELEMETRY  LINE  2 OFF 

173 

0000100000000000 

TAERNG 

ENABLE  STDN  RANGING 

173 

0000011000000000 

TADRNG 

DISABLE  STDN  RANGING 

173 

0000000001000000 

TAINQN 

PN  CODE  I & Q CHANNELS  ENABLE 

173 

0000000011000000 

TAIFQN 

PN  CODE  I CHAN  DISAB,  Q CHAN  ENAB 

173 

0000000101000000 

TAINQF 

PN  CODE  I CHAN  ENAB,  Q CHAN  DISAB 

173 

0000000111000000 

TAIFQF 

PN  CODE  I & Q CHANNELS  DISABLE 

173 

r 3000000001 loooo 

TAAXIF 

ALLOW  AUTC  XMTR  TURN-ON 

173 

0000000000010000 

TAAXIN 

INHIBIT  AUTO  XMTR  TURN-ON 

173 

0000000000000001 

TAAOVN 

ALLOVJ  AUTO  TRANSFER  TO  VCO 

173 

0000000000000011 

TAAOVF 

INHIBIT  AUTO  TRANSFER  TO  VCO 

173 

0000000000001100 

TACMRM 

SELECT  MEDIUM  COMMAND  RATE 

173 

0000000000000100 

TACMRL 

SELECT  LOW  COMMAND  RATE 
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Table 

4.6-3. 

Serial  Comma nd  Acronyms 

ADD 

16-BIT  MAGNITUDE 

ACRONYM 

COMMAND  NAME 

174 

174 

0001001000000000 

TBXSHM 

TRANSPONDER  B CONTROL; 

STDN  XMTR  ON  HI  MOD  INDEX  TLM  1 ON 

174 

0010001000000000 

TBXSLM 

STDN  XMTR  ON  LO  MOD  INDEX  TLM  1 ON 

174 

0100000000000000 

TBXTON 

TDRSS  XMTR  ON 

174 

0101000000000000 

TBXOFF 

TRANSMITTER  OFF 

174 

0110000000000000 

TBRSTM 

RECEIVER  IN  DUAL  MODE 

174 

0111000000000000 

TBRSMO 

RECEIVER  IN  STDN  MODE  ONLY 

174 

0000001000000000 

TBTL1N 

TELEMETRY  LINE  1 ON 

174 

0000110000000000 

TBTL1F 

TELEMETRY  LINE  1 OFF 

174 

0000010000000000 

TBTL2N 

TELEMETRY  LINE  2 ON 

174 

0000111000000000 

TBTL2F 

TELEMETRY  LINE  2 OFF 

174 

0000100000000000 

TBERNG 

ENABLE  STDN  RANGING 

174 

0000011000000000 

TBDRNG 

DISABLE  STDN  RANGING 

174 

0000000001000000 

TBINQN 

PN  CODE  I&Q  CHANNELS  ENABLE 

174 

0000000011000000 

TBIFQN 

PN  CODE  I CHAN  DISAB,  Q CHAN  ENAB 

174 

0000000101000000 

TBINQF 

PN  CODE  I CHAN  ENAB,  Q CHAN  DISAB 

174 

0000000111000000 

TBIFQF 

PN  CODE  I&Q  CHANNELS  DISABLE 

174 

0000000000110000 

TBAXIF 

ALLOW  AUTO  XMTR  TURN-ON 

174 

0000000000010000 

T BAX IN 

INHIBIT  AUTO  XMTR  TURN-ON 

174 

0000000000000001 

TBAOVN 

ALLOW  AUTO  TRANSFER  TO  VCO 

174 

0000000000000011 

TBAOVF 

INHIBIT  AUTO  TRANSFER  TO  VCO 

174 

0000000000001100 

TBCMRM 

SELECT  MEDIUM  COMMAND  RATE 

174 

0000000000000100 

TBCMRL, 

SELECT  LOW  COMMAND  RATE 

LSD-WPC-263 


4-82 


OF  POOS  nMG'  » 

P00ft  quality 


Table  4 •6-4.  Command  Verification 


SVS-10266 
31  December  1981 


Reference 

TLM 

Command 

Paragraph 

Prerequisite 

Complement 

Verification 

Remarks 

CD  NO  OP 

4. 6. 1.1.1 

CCMDCNT 

INCREMENT 

CUSLFN 

4. 6. 1.1. 2 

CUMAFi 

CCU.ANF-1 

CU  A ON 

CUMAF2 

CCUBNF-l 

CU  B ON 

CUMAFI 

4. 6. 1.1. 2 

CCUANF“0 

CU  A OFF 

CCUBNF«0 

CU  B OFF 

CUMAF2 

4. 6. 1.1. 2 

CUMAFI 

CCUANF-0 

CU  A OFF 

CCUENF^O 

CU  B OFF 

CU EXON 

4. 6. 1.1. 2 

C0SCINX»0 

SUPRAN 

4. 6. 1.1.3 

SUPR’BN 

C5UPVBA"0 

SU.PR.BN 

4.6.1  .1.3 

supran 

CSUPVBA-1 

RP.LYAN 

4, 6. 1.1.3 

RPLYBN 

.CRPLYBA-0 

RP.LYBN 

4. 6. 1.1.3 

RPLYAN 

CRP-LYBA*! 

TIMHDN 

4.6.1 .1.4 

TLMHDF 

CCUAHFN-0 

CU  A 

CCUBHFN-0 

CU  B 

TLMHDF 

4. 6. 1.1. 4 

TLMHDN 

CCUAHFN-1 

CU  A 

CCUBHFN-1 

CU  B 

0BCD1K 

4. 6. 1.1.5 

OBCD32 

CCUADMP-0 

CU  A 

CCUBDMP-0 

CU  B 

OBCD32 

4. 6. 1.1. 5 

OBCD1K 

CCUADMP«1  ’ 

CU  A 

CCUBDMP-1 

CU  B 

SRIUEU 

4. 6. 1.7 

CRIUSBA“0 

RIU  , 

CR1USBA-1 

RIU  B 

RIUSB2 

4. 6. 1.7 

SRIUEN 

CKATENF»0 

MRIUDI 

4. 6. 1.7 

CMATENF-0 

STNSAN 

4. 6. 1.6.1 

CPFDDA 

STNSAO 

CSTOBCA-1 

STNSAO 

4. 6. 1.6.1 

STNSAN 

CSTOBCA-O 

STNSBN 

4.6.1 .6.1 

CPFDDB 

STNSBO 

CSTOBCB-1 

STNSBO 

4. 6. 1.6.1 

STNSBN 

CST0BCB»0 

CPFDEA 

4. 6. 1.6. 3 

OtC  RUNNING 

CPFDDA 

CCFDAED"! 

CPFDDA 

4. 6. 1.6. 3 

CPFDEA 

CCiT)AED»0 

CPFDEB 

4. 6. 1.6. 3 

OBC  RUNNING 

CPFDDB 

CCFDBED-1 

CPFDDB 

4.6.1 .6.3 

CPFDEB 

CCFDBED-0 

CA1SEC 

4. 6. 1.6. 3 

NO  DIR  VER 

OBC  COMMAND 

CB1SEC 

4. 6. 1.6. 3 

NO  DIR  VER 

OBC  COMMAND 

MEMOEN 

4. 6. 1.6. 2 

OBC  PWR  OFF 

MEMO  2D 

CMEMOED-1 

MEM2EN 

4. 6. 1.6. 2 

OBC  PWR  OFF 

MEMO 2D 

CMEM2ED=>1 

SPAM02 

4. 6. 1.6.1 

OBC  PWR  OFF 

SPBK02 

CPWRM02«0 

SPBMD2 

4.6.1 .6.1 

OBC  PWR  OFF 

SPAM02 

CPWRM02-1 

j ME  MO  2D  • 

! 

i 

4.6.1 .6.2 

OBC  PWR  OFF 

KEMOEN 

CMEM0ED«0 
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Reference 

TLM 

Command 

Paragraph 

Prerequisite  Complement 

Verification 

Remarks 

MEM2EN 

CMEM2ED-0 

MEM1EN 

4. 6 *1.6. 2 

OBC  PWR  OFF 

MEM13D 

CMEM1EI>1 

MEM3EN 

4. 6. 1.6. 2 

OBC  PWR  OFF 

MEM13D 

C1EM3ED-1 

SPAM13 

4*6. 1.6.1 

OBC  PWR  OFF 

SPBM13 

CPWRM13-0 

SPBH13 

4. 6. 1.6.1 

OBC  PWR  OFF 

SPAM13 

CP  V®  Ml  3-1 

MEM13D 

4 .6.1 .6 .2 

OBC  PWR  OFF 

MEM1EN 

CMEM1ED-0 

MEM3EN 

CMEM3ED-0 

PMPAON 

4.6. 1.3.1 

PMPAOF 

CPMPANF-1 

PMPATA 

4.6. 1.3. 2 

PAMUXA 

CPAN1MX»1 

PAMUXB 

PAHUXA 

4, 6. 1.3. 2 

PMPATA 

CPANIMX^O 

PAMUXB 

CPAMXAB-0 

PAMUXB 

4. 6. 1.3. 2 

PMPATA 

CPAN1MX“0 

PAMUXA 

CPAMXAB“1 

PMPAOF 

4. 6. 1.3.1 

PMPAON 

CPMPANF-0 

PMPBON 

4 .6  *1 .3 .3 

PMPBOF 

CPMPBNF=1 

PMPBTB 

4 .6 .1.3.2 

PBMUXA 

CPBN2MX-1 

PBMUXB 

PBMUXA 

4. 6. 1.3. 2 

PMPBTB 

CPBN2MX-0 

PBMUXB 

CPBMXAB-0 

PBMUXB 

4.6. 1.3. 2 

PMPBTB 

CPBN2MX-0 

PBMUXA 

CPBMXAB=1 

PMPBOF 

4 .6. 1.3.1 

PMPBON 

CPMPRNF-0 

S28ARF 

4-6. 1.5 

RIU  A ON 

S28BRF 

C28VRFS<»0 

S28BRF 

4.6 .1.5 

RIU  B ON 

S28ARF 

C28VRFS-1 

RFCONl 

4. 6. 1.5 

RFCON2 

CRFSWC-10 

RFC0N3 

RFCON2 

4 .6 .1.5 

RFCONl 

CRFSWC-01 

RFCON3 

RFC0N3 

4 .6.1. .5 

RFCONl 

CRFSHC=>3 1 

RFCON2 

XMTRAE 

4 -6  -1 .4 .4 

XMTRAD 

CXMTAED“1 

XMTRAD 

4. 6. 1.4. 4 

XMTRAE 

CXMTAED*»0 

XMTRBE 

4 .6 .1.4 .4 

XMTRBD 

CXMTBED^l 

XMTRBD 

4 -6 . 1 .4 .4 

XMTRBE 

CSMTBED”0 

HTR1EN 

4. 6. 1.8 

HTR1DI 

CHTR1ED»1 

HTR1DI 

4.6. 1.8 

HTRlEN 

CHTR1ED-0 

HTR2EN 

4. 6.1. -8 

RTR2DI 

CHTR2ED"1 

HTR2DI 

4. 6. 1.8 

HTR2EN 

CHTR2ED“0 

\ 
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Command 

Reference 

Paragraph 

Prerequisite 

Complement 

TLM 

Verification  Remarks 

BR1KB 

4. 6. 1.2.1 

CBITRAT-000 

BR2KB 

BR4KB 

BR8KB 

BR16KB 

BR32KB 

BR64KB 

CUFLXF 

CUENGF 

CUMISF 

CPMFLX 

4. 6. 1.2.1 
4. 6. 1.2.1 
4. 6. 1.2.1 
4. 6. 1.2.1 
4. 6. 1.2.1 

4. 6. 1.2.1 

4. 6. 1.2. 2 
4. 6.1. 2. 2 
4. 6. 1.2. 2 
4. 6. 1.2. 2 

CBITRAT-OOl 

CBITRAT-OiO 

CBITRAT-Oll 

CBITRAT-100 

CBITRAT-101 

CBITRAT-110 

CFORMAT-QO  HOT  USED 

CFORMAT“01 

C FORMAT"2 10 

CFORMAT-l 1 

DWELL  SV 
NODWLL 

4. 6. 1.2. 3 
4. 6. 1.2. 3 

NODWLL 

CDWLMOD-1 

CBWLCHN-V  V-4--127 

CDWLMOD-O 

PARTTN 

4. 6. 1.3. 2 

PMPAON 

PARTTF 

CPARTTR-10 

PARTTF 

4. 6. 1.3.2 

PMPAON 

PARTTN 

CPARTTR-00 

PACXNN 

4. 6. 1.3. 5 

PMPAON 

PACXFF 

CPARTENC-1 

CPASTENC-1 

PACXFF 

4. 6. 1.3. 5 

PMPAON 

PACXNN 

CPARTENC-0 

CPASTEHC-0 

PACXFN 

4. 6. 1.3. 5 

PMPAON 

CPARTENC-0 

CPASTENC-1 

PACXNF 

4. 6. 1.3. 5 

PMPAON 

CPARTENC-1 

CPASTENC-0 

PANMOA 

4. 6. 1.3. 3 

PMPAON 

PANMOO 

CPAMODE-1000 
CPABXP— 0 

PANMOB 

4.6. 1.3. 3 

PMPAON 

PANMOO 

CPAMODE-O 100 
CPABXP-0 

PANMOC 

4. 6. 1.3. 3. 

PMPAON 

PANMOO 

CPAMODE-l 100 
CPABXP-0 

PANMOD 

4. 6. 1.3. 3 

PMPAON 

PANMOO 

CPAM0DE-0010 

CPABXP-0 

PANMOE 

4. 6. 1.3. 3 

PMPAON 

PANMOO 

CPAM0DE-1010 

CPABXP-0 

PANMOF 

4. 6. 1.3. 3 

POT  AON 

PANMOO 

CPAMODE-O 110 
CPABXP-0 

PANMOG 

4. 6. 1.3. 3 

"MPAON 

PANMOO 

CPAM0DE-1110 

CPABXP-0 

PANMOH 

4. 6. 1.3. 3 

PMPAON 

PANMOO 

CPAlfODE-OOOl 

CPABXP-0 
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Command 

Reference 

Paragraph 

Prerequisite 

Complement 

TLM 

Verification 

Remarks 

PANMOI 

PANMOO 

4. 6. 1.3. 3 
4. 6. 1.3. 3 

PMPAON 

PMPAON 

PANMOO 

CPAMDDE-1001 

CPABXP“0 

CPAMODE-OOOO 

CPABXP«0 

PARMOA 

4. 6. 1.3.3 

PMPAON 

PARMOO 

CPAM0DE-1000 

CPABXP“1 

| PARMOB 

4. 6. 1.3. 3 

PMPAON 

PARMOO 

CPAM)DE“0100 

CPABXP-1 

1 PARMOC 

| 

4. 6. 1.3.3 

PMPAON 

PARMOO 

CPAKODE“HOO 

CPABXP**! 

i PARMOB 

i 

4. 6, 1.3. 3 

PMPAON 

PARMOO 

CP  AMO  DE  » 0 0 1 0 
CPABXP-l 

: PARMOE 

4. 6. 1.3. 3 

PMPAON 

PARMOO 

CPAM0DE-1010 

CPABXP-1 

! PAFMOF 

i 

4. 6. 1.3. 3 

PMPAON 

PARMOO 

CPAM0DE-0110 

CPABXP-1 

i PARMOG 

\ 

4. 6. 1.3.3 

PMPAON 

PARMOO 

CPAM3DE-11JO 

CPABXP»1 

j PARMOH 

i 

4. 6. 1.3. 3 

PMPAON 

PARMOO 

CPAMODE-OOOl 

CPABXP-1 

I PARMOI 
1 PARMOO 

4. 6. 1.3. 3 
4.6.1 -3,3 

PMPAON 

PMPAON 

PARMOO 

CPAMODE- 1001 
CPABXP-l 
C-JA10DS»0000 
CPABXP-1 

PANCUA 

4.6. 1.3 .2 

PMPAON 

PANCUB 

CPACUBA-0 

CPABXP“0 

PANCUB 

4.6. 1.3, 2 

PMPAON 

PANCUA 

CPACUBA-1 

CPABXP-0 

PARCUA 

4,6. 1.3.2 

PMPAON 

PARCuB 

CPACUBA-0 

CPABXP-1 

PARCUB 

4. 6. 1.3. 2 

PMPAON 

PARCUA 

CPACUBA-1 

CPABXP-1 

PANSTA 

4. 6. 1.3. 2 

PMPAON 

PAN STB 

CPASTBA-0 

CPABXP-0 

PAN STB 

4.6,1. 3.2 

PMPAON 

PANSTA 

CPASTBA-1 

CPABXP-0 

PARSTA 

4,6, 1.3. 2 

PMPAON 

PAR STB 

CPASTBA-0 

CPABXP-1 
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Table  4.6-4.  Command  Verification 


Comnand 

Reference 

Paragraph 

Prerequisite 

Complement 

TLM 

Verification 

PARSTB 

4. 6. 1.3.2 

PMPAON 

PARSTA 

CPASTBA-1 

CPABXP88! 

PAHDOF 

4 .6.1 .3 .4 

PMPAON 

CPAHDLN-00 

PARTHN 

4.6. 1.3. 4 

PMPAON 

PAHDOF 

CPAHDLN-10 

PAMDHN 

4. 6. 1.3. 4 

PMPAON 

PAHDOF 

CPAHDLN-Ol 

FATDHN 

4. 6. 1.3. 4 

PMPAON 

PAHDOF 

CPAHDLN®! 1 

PBRTTN 

4. 6. 1.3. 2 

PMPBON 

PBRTTF 

CPBRTTR-10 

PBRTTF 

4. 6. 1.3.2 

PM? BON 

PBRTTN 

CPBRTTR-00 

PBCXNN 

4. 6. 1.3. 5 

PMPBON 

PBCXFF 

CP BRTENC«1 
CPBSTENC^l 

PBCXFF 

4.6. 1.3. 5 

PMPBON 

PBCXNN 

CPBRTENC**0 

CPB3TE.NC-0 

PBCXFN 

4. 6. 1.3. 5 

PMPBON 

CPBRTENC^O 

CPBSTENC^l 

PBCXNF 

4. 6. 1.3. 5 

PMPBON 

CPBRTENC-1 

CFB3T£NC«0 

PBRMOA 

4. 6. 1.3. 3 

PMPBON 

PBRMOO 

CPBMODE-IOOO 

CPABXP-1 

PBRMOB 

4 .6 .1*3.3 

PMPBON 

PBRMOO 

CPCMODE-OIOO 

CPABXP-1 

PBRMOC 

4.6. 1.3. 3 

PMPBON 

PBRMOO 

CPBM0DE-1100 

CPABXP-1 

PBRMOD 

4. 6. 1.3. 3 

PMPBON 

PBRMOO 

cpb;-sode»ocio 

CPABXP-1 

PBRMOE 

4. 6. 1.3. 3 

PMPBON 

PBRMOO 

CPBMQDE-1010 

CPABP-1 

PBRMOF 

4. 6. 1.3. 3 

PMPBON 

PBRMOO 

CPBM0DE-011D 

CPABXP-1 

PBRMOG 

4. 6.1. 3. 3 

PMPBON 

PBRMOO 

C.PBMODE-1 110 
CPABXP-1 

PBRHCH 

4. 6. 1.3.3 

PMPBON 

PBRMOO 

CPBMODE-OOOl 

CpABXP-1 

PBRMOI 

4. 6. 1.3. 3 

PMPBON 

PBRMOO 

CPBM0DE-1C01 

CPABXP-1 

PBRMOO 

4. 6. 1.3. 3 

PMPBON 

CPBM0DE-0000 

CPABXP-1 

PBNHOA 

4 .6. 1.2 .3 

PMPBON 

PBNMOO 

CPBMJDE-1000 

CPABXP-0 

PBNMOB 

4. 6. 1.3. 3 

PMPBON 

PBNMOO 

CPBKODE-OIOO 

CFABXP^O 
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j 

I 

PBNMOC 

4*6*1 .3.3 

PMPBON 

PBNMOO 

CPBMDDE*8!  100 
CFABXP-0 

I 

PBNMOD 

4. 6.1.3. 3 

PMPBON 

PBNMOO 

CPBmDE^OOlO 

CPABXP-0 

l 

PRNMOE 

4. 6. 1.3. 3 

PMPBON 

PBNMOO 

CPBM0DE-1010 

j 

PB.NHGF 

4,6*1. 3*3 

PMPBON 

PBNMOO 

CP  ABXP-0 

CPBMDDE-0110 

CPABXP-0 

I 

PRNMOG 

4.6. 1.3. 3 

PMPBON 

PBNMOO 

CPBK)DE«1110 

CPABXP»0 

J 

\ 

PBKMDH 

4*6. 1.3. 3 

PMPBON 

PBNMOO 

CPEMODE-OOOl 

CPABXIM) 

f 

! 

PRNMOI 

4*6. 1.3.3 

PMPBON 

PBNMOO 

CPBM0D2«=100l 

CPABXP-0 

j 

PBNMOO 

4.6.1, 3.3 

PMPBON 

CPBi-SPDE-0000 

CPABXP-0 

J 

PBRCUA 

4 ,6. 1.3. 2 

PMPBON 

FBROJB 

CPBCUBA-0 

CPABXP-1 

1 

I 

1 

PBRCUB 

4 *6.1.3 .2 

PMPTON 

PBRCUA 

CPBCUBA-1 

CPABXP-1 

-) 

1 

PBNCUA- 

4. 6. 1.3. 2 

PMPBON 

P BN CUB 

CPBCUBA-0 

CPABXP-0 

I 

PBNCUB 

4, 6. 1.3. 2 

PMPBON 

PBN.CTA 

CPBCJBA-1 

CPABXP-0 

I ■ 

Jj 

PBRSTA 

4 ,6. 1.3. 2 

PMPBON 

PBRSTB 

O’BSTBA-O 

CPABXP-1 

1 

3 ■ 

PBRSTB 

4, 6. 1.3. 2 

PMPBON 

PBRSTA 

CPBSTBA-1 

CPABXP-1 

j 

1 

i 

PBKSTA 

4.6.1 .3.2 

PMPBON 

FBNSTB 

CFBSTBA-0 

CPABXP-0 

^ i 

^ j 

€ . i 

2 

P BN  STB 

4.6. 1.3. 2 

PMPBON 

P BN  ST  A 

CPBSTBA-1 

CPABXP-0 

.1  '*  .! 

PBHDOF 

4, 6. 1.3. 4 

PMPBON 

CPBHDLK-00 

i 

| 

PBRTHN 

4,6, 1.3.4 

PMPBON 

PBHDOF 

CFBHDLN-10 

PBKDHN 

4. 6. 1.3. 4 

PMPBON 

PBHDOF 

CPEHDLK-01 

i 

PDTDHN 

4,6. 1.3. 4 

PMPBON 

PBHDOF 

CPBSDLN-11 

i 

TAXSHM 

4. 6. 1.4. 4 

XMTRAE 

T/JCOFF 

CXKTANF-1 

TLM  I/P  1 OH 

i 

I 

is  * 

CXPAMT'O-l 

:'i  v::'\ 

l 

1 

> 

4 

~ 6 B 

LS.D-WPC-263 

ORfGIWAL'  PAGE  [3 
OF  POOR  QUALITY 


Table  Command  Verification 


SVS-10266 
31  December  1981 


Command 
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Prerequisite 

Complement 

TLM 

Verification  Remarks 

CXPAXHT-1 

TAXSLM 

4. 6. 1.4. 4 

XMTRAE 

TAXOFF 

CXMTANF-l  TLM  I/F  1 ON 

CXPAKQD"0 

CXPAXKT-1 

TAXTON 

4 .6 .1 .4 .4 

XMTRAE 

TAXOFF 

CXMTANF-I 

CXPAXMT“0 

TARSTM 

4 *6 .1 .4.1 

TARSMO 

CXPASTD^O 

TARSMO 

4. 6. 1.4.1 

TARSTM 

CX PA STD® I 

TAXOFF 

4.6. 1.4.4 

CXMTANF-0 

TAXL1N 

4.6.1 .4.2 

TAT LI F 

NO  DIR  VER 

TAXL1F 

4. 6. 1.4  2 

TAT LIN 

NO  DIR  VER  NO  TLM  OUT 

TATL2K 

4. 6. 1.4. 2 

TATL2F 

NO  DIR  VER 

TAIL 2 F 

4. 6. 1.4. 2 

TATL2N 

NO  DIR  VER 

TAERNG 

4. 6. 1.4. 2 

- TADRKG 

OvPARNOl 

TADRKG 

4. 6. 1.4. 2 

TAERNG 

CXPARNOO 

TAINQN 

4. 6. 1.4. 5 

AIFQF 

CXPAPNI«0 

CXPAPNQ®0 

TAIFQN 

4. 6. 1.4. 5 

CC  PAP NX® I 

CXPAPNQ^O 

TAINQF 

4. 6. 1.4.5 

CXPAPNIO 

CXPAPNQ®1 

TAIFQF 

4. 6. 1.4. 5 

DC  PAP  N Is*  I 

CXPAPNQ®! 

TAAXIF 

4. 6. 1.4. 4 

XMTRAE 

TAAXIN 

€AUTXMA«1 

TAAXIK 

4. 6. 1.4. 4 

TAAXIF 

CMiTXMA-0 

TAAOVN 

4. 6. 1.4. 3 

TAAOVF 

CXPAOSOO 

TAADVF 

4. 6. 1.4. 3 

TAAOVN 

CXFAOSOI 

TACMRM 

4. 6. 1.4.1 

TACMRL 

CXPADET®! 

TACMRI, 

4. 6. 1.4.1 

TACMRM 

OCPADETWO 

TBXSHH 

4. 6. 1.4. 4 

XMTRBE 

TBXOFF 

GXMTBNF®!  TLM  T/P  1 ON 

CXPBMDEKl 

mF  BXHT®1 

TBXS.HL 

4 .6 .1 .4  .4 

XHTRBE 

TBXOFF 

CKTENF®!  TLM  I/P  I ON 

csfbmdd-o 

■CKFsrj-rr^i 

TEXT ON 

4 .6 .1 .4  .4 

XKTREE 

TBXOFF 

fCmtBNF**! 

mFBX MT«0 

TBXOFF 

4. 6. 1.4. 4 

CXMTBNF®0 

TBRSTM 

4. 6. 1.4.1 

TBRSMO 

OPPBSTD®0 
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Complement 

TLM 

Verification  Remarks 

TBRSM) 

4 .6 .1 .4 .1 

TBRSTM 

CXPBSTD«1 

TBTL1N 

4. 6. 1.4. 2 

TBTLIF 

NO  DIR  VER 

TBTL1F 

4 .6. 1.4. 2 

TBTLIN 

NO  DIR  VER  NO  TLM  OUT 

TBTL2N 

4. 6. 1.4. 2 

TBTL2F 

NO  DIR  VER 

TBTL2F 

4. 6. 1.4. 2 

TBTL2N 

NO  DIR  VER 

TBERNG 

4. 6. 1.4. 2 

TBDRNG 

CXPbRNOl 

TBDRNG 

4. 6. 1.4. 2 

TBERNG 

CXPBRHG-0 

TBINQN 

4. 6. 1.4. 5 

TBIFQF 

CXPBPNI<=0 

CXPBPNQ-0 

TBIFQN 

4. 6. 1.4. 5 

CXPBPHIral 

CXPBPNQ“0 

TBINQF 

4. 6. 1.4. 5 

CXPBPN3>0 

CXPBPNQ“1 

TBIFQF 

4.6.1 .4.5 

CXPBPNI^i 

CXPBPNQ*1  ! 

TBAXIF 

4. 6. 1.4. 4 

XMTRBE 

TBAXIN 

CAUTXMB“1  j 

T BAX IN 

4. 6. 1.4. 4 

TBAXIF 

CAUTXKB-0  i 

TBAOVN 

4. 6. 1.4. 3 

TBAOVF 

CXPBOSOO  | 

j TBAOVF 

4. 6. 1.4. 3 

TBAOVN 

CXPBOSOl 

| TBCHRM 

4. 6. 1.4.1 

TBCMRL 

CXPBDET-1  1 

TBCMRL 

4. 6. 1.4.1 

TBCHRM 

CXPBDET-0  i 
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4.6.1  COMMAND  DESCRIPTIONS 

This  section  provides  descriptions  of  the  command  functions  using  the  acronym s 
in  Table  4.6-1  and  4.6-3.  All  C&DH  commands  are  addressed  to  RIU  1,  (A  or  3) 
except  special  commands  to  the  central  unit  which  are  addressed  to  MU  0.  All 
RIU  1 commands  may  be  executed  by  either  the  A or  B RXU  except  for  two  discrete 
commands  : 34  (which  will  execute  only  when  RIU  A is  on)  and  53  (which  will 

execute  only  when  RIU  B is  on).  Telemetry  monitors  referred  to  in  the  following 
paragraphs  are  defined  in  Section  4.7. 

4 . 6 .1. 1 CU  Special  Commands 

Special  commands  are  executed  directly  by  the  CU  and  are  not  routed  to  the 
multiplex  data  bus.  In  the  Standby  Mode,  execution  of  special  commands  does  not 
require  operation  of  the  CU  clock  oscillator. 

4. 6. 1.1.1  CUN00P 

This  command  is  a test  command  used  to  verify  correct  operation  of  the  forward 
link.  When  sent  to  the  active  CU,  successful  operation  will  result  in  an 
increment  of  the  telemetry  monitor  CCMDCNT.  When  sent  to  the  standby  CU, 
successful  operation  will  result  In  an  increment  of  the  telemetry  monitor 
CSCMDCT.  Unsuccessful  operation  will  result  in  no  increment  of  either  telemetry 
monitor  above. 

4. 6. 1.1. 2 CUSLFN  Sel.  CU  On 
CUMAF.l  CU  Mate  Off  1 
CUMAF2  CU  Mate  Off  2 
CUEXON  Ext  OSC  Selected 

These  commands  are  used  to  select  the  desired  CU  and  spacecraft  oscillator 
configuration.  When  power  is  first  applied  to  the  C&DK  (such  as  ground  test 
start-up) , both  CU  A and  CU  B will  go  to  the  standby  state.  From  this  initial 
state,  commands  should  be  addressed  to  the  desired  CU  in  the  order  CUMAF1, 
CUMAF2,  CUSLFN,  CUEXON.  The  CUSLFN  command  from  the  initial  state  will  select 
the  internal  clock  oscillator;  the  CUEXON  command  is  then  required  to  select  the 
ultra-stable  Lands at-D  external  oscillator.  In  normal  operation,  one  CU  is  on 
while  the  other  is  in  standby.  If  activation  of  the  alternate  CU  is  desired  the 
commands  CUMAF1 , CUMAF2 , and  CUSLFN  addressed  to  the  standby  CU  must  be  sent. 
This  sequence  assures  that  both  CU^s  are  not  on  at  the  same  time,  an  undesirable 
condition  which  could  induce  a spurious  command  on  the  multiplex  data  bus. 
During  this  sequence,  both  CU's  will  be  in  the  standby  mode  until  the  CUSLFN 
command  is  executed,  causing  a momentary  loss  of  telemetry  data.  Telemetry 
verifications  of  these  commands  are  obtained  from  the  monitors  CONCUIB,  CCUANF , 
CCUBNF , COSCINX. 
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4 .6.1 .1.3  SUPRAN  Sel  Supervisory  Line  A ON/B  OFF 
SUPRBN  Sel.  Supervisory  Line  E ON/A  OFF 
RPLYAN  Sel.  Reply  Line  A ON/B  OFF 

RPLYBN  Sel.  Supervisory  Reply  Line  B ON/A  OFF 

These  commands  are  used  to  select  the  CU  multiplex  data  bus  configuration. 
SUPRAN  and  SUPRBN  are  complementary  commands  which  select  the  supervisory  lines 
used  by  the  CU  to  distribute  command  and  telemetry  requests*  RPLYAN  and  RPLYBN 
are  complementary  commands  which  select  the  reply  lines  used  by  the  CU  for 
telemetry  data  acquisition.  Although  both  reply  lines  contain  data  from  all 
RIV's,  only  one  pair  is  selected  by  the  CU.  Telemetry  verifications  for  these 
commands  are  obtained  from  the  monitors  CSUPVBA  and  CRPLYBA. 

4.6.1 .1.4  TLMHDN  CU  Hardline  Telemetry  ON 
TLMDUF  CU  Hardline  Telemetry  OFF 

These  complementary  commands  turn  on  or  off  hardline  telemetry  data  monitors 
from  CU  A or  B.  The  outputs  (.NR2HL  data  and  IX  clock)  are  available  at  the  C&DR 
module  connector  as  test  points  only.  Telemetry  verifications  for  these 
commands  are  ob  ;ai.,  ed  from  the  monitors  CCUAKFN  and  CCUBHFN. 

4 .6.1 .1.5  OBCD1K  Sel  1 Kbps  O.B.C  Dump 
OBCD32  Sel  32  Kbps  OBC  Dump 

These  complementary  commands  are  used  to  select  the  bit  rate  for  an  OBC  memory 
dump  via  CU  A or  B.  The  selectable  rates  are  1 KBPS  or  32  KBPS.  Telemetry 
verifications  for  these  commands  are  obtained  from  the  monitors  CCUADMP  and 
CCUBDMP. 

4.6-1  * 2 CU  Serial  Magnitude  Commands 

CU  serial  commands  are  sent  to  address  170  (RIU  1,  serial  command  enable  0). 
They  must  be  addressed  to  the  active  CU;  the  standby  CU  accepts  special  commands 
only.  If  both  CU's  are  in  standby  (ref.  Paragraph  4.6. 1.1.2),  no  commands  to 
address  170  will  be  executed. 

4. 6. 1.2.1  Telemetry  Bit  Rate  Selection 

BR1KB  Sel  1 Kbps  Bit  Rate 
BR2KB  Sel  2 Kbps  Bit  Rate 
BR4KB  Sel  4 Kbps  Jit  Rate 
BR8KB  Sel  8 Kbps  Bit  Rate 
BR16KB  Sel  16  Kbps  Bit  Rate 
ER32KB  Sel  32  Kbps  Bit  Rate 
BR64KB  Sel  64  Kbps  Bit  Rate 
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These  commands  are  used  to  select  the  data  rate  of  the  telemetry  data  stream* 
Each  command  is  mutually  exclusive  of  the  others.  Although  any  rat©  may  be 
selected,  the  planned  usage  for  Landsat-D  is  l KBPS  or  8 KBPS  for  real  time 
telemetry  data.  Telemetry  verification  for  these  commands  la  obtained  from  the 
monitor  CBITRAT. 

4, 6. 1.2. 2 Telemetry  Format  Selection 

CUFLXF  Sel  CU  Flex  Format 
CUENGF  Sel  CU  Eng  Format 
CUMISF  Sel  CU  Mission  Format 
CPMFLX  Sel  OBC  Flex  Format 


These  mutually  exclusive  commands  are  used  to  select  the  telemetry  address 
source  used  by  the  CU  format  generator.  CUFLXF  selects  a CU  flex  format  which 
can  be  obtained  from  a programmable  RAM  in  the  CU*  This  option  is  not  available 
on  Landsat-D. 

CUENGF  and  CUMISF  select  either  of  two  fixed  ROM's  as  telemetry  address  sources. 
CUENGF  selects  the  Engineering  format  and  CUMISF  selects  the  Mission  format. 

Another  format  source  is  the  computer  flex  format  which  is  selected  by  CPMFLX. 
In  this  format,  the  OBC  provides  the  addresses  from  tables  which  can  be  loaded 
into  the  OBC  memory. 

Telemetry  verification  for  these  commands  is  obtained  from  the  monitor  CFORMAT. 

4. 6. 1.2. 3 Dwell  Mode  Commands 

DWELL ,V  Dwell  on  Ch,  V (0-127) 

NODVLL  Dwell  Mode  OFF 


Sixteen  positions  in  each  telemetry  minor  frame  have  digital  word  assignments 
which  remain  unchanged*  These  fixed  words  are  0-3,  32-35,  64-6/ t and  96-99. 

the  DWELL , V command  selects  the  dwell  mode  for  any  minor  frame  word  (V)  except 
the  fixed  words.  The  selected  word  will  appear  in  all  telemetry  locations 
except  the  !o  fixed  word  locations.  The  NODWLL  command  is  used  to  exit  from  the 
dwell  mode.  Telemetry  verifications  for  these  commands  are  obtained  from  the 
monitors  CDWLKOD  and  CDWLCHN . 

4 . 6 . 1 . 3 PMP  Commands 

Command  control  of  the  PMP  .is  attained  by  discrete  commands,  and  by  serial 
commands  to  address  172.  In  order  to  execute  serial  commands,  the  PMP  (A  or  B) 
for  which  the  commands  are  intended  must  be  on.  This  requirement  is  indicated 
by  listing  PMP AON  or  PMP BON  as  prerequisite  commands  in  Table  4.6-4.  If  the 
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appropriate  telemetry  monitor  (CPMPANF  or  CPMPBNF)  indicates  logic  “1",  it  is 
not  required  to  send  the  PMP  ON  command  before  sending  serial  commands* 

4. 6. 1.3.1  PMP  On/Off  Control 


Each  PMP  has  an  associated  power  supply.  In  normal  operation,  both  PMP^e  will 
probably  be  on  in  different  operating  modes.  The  PMP  to  which  serial  commands 
are  addressed  must  be  on  to  accept  serial  commands.  PMP AON  and  PMPAOF  control 
PMP  A;  PMP BON  and  PMPBOF  control  PMP  B.  Telemetry  verifications  f'vr  these 
commands  are  obtained  from  the  monitors  PMPANF  and  PMPBNF . 

4 .6. 1.3. 2 PMP  Input  Data  Selection 

Each  PMP  accepts  Input  signals  from  the  following  sources; 

1.  Real  time  telemetry  data  from  CU  A 

2.  Real  time  telemetry  data  from  CU  B 

3.  OBC  memory  dump  data  from  STINT  A 

4.  OBC  memory  dump  data  from  STINT  B 

5.  Payload  correction  data  from  PCD  formatter  A 

6.  Payload  correction  data  from  PCD  formatter  B 

7.  NBTR  playback  data  (NBTR  1 Is  dedicated  to  PMP  A and  NBTR  2 is 
dedicated  to  PMP  B) 

8.  External  data  (not  used  on  Landsat-D) 


Selection  of  inputs  for  each  PMP  Is  controlled  using  the  commands  which  are 
listed  below  (ref.  Figure  4.6-1). 


PMP  ^ 

PMP  B 

Input  Selected 

PMPATA 

PMPBTB 

NBTR  playback  data 

PAMUXA 

PBMUXA 

PCD  from  formatter  A 

PAMUXB 

PBMUXB 

PCD  from  formatter  B 

PANCUA 

PBNCUA 

CU  A data,  XPNDR  config. 

normal 

PARCUA 

PBRCUA 

CU  A data,  XPNDR  config. 

reverse 

PANCUB 

PBNCUB 

CU  8 data,  XPNDR  config. 

normal 

TARCUB 

PBRCUB 

CU  3 data,  XPNDR  config. 

reverse 

PAN  ST  A 

PBNSTA 

STINT  A data,  XPNDR  config.  normal 

PARSTA 

PBRSTA 

STINT  A data,  XPNDR  config.  reverse 

PAN STB 

P BN STB 

STINT  B data,  XPNDR  config.  normal 

PARSTB 

PBRSTB 

STINT  B data,  XPNDR  config*  reverse 
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The  XPNDR  configuration  normal/reverse  selection  is  imbedded  in  the  CU  and  STINT 
selection  commands.  The  PHP  outputs  are  applied  to  the  two  transponders  (ref. 
Figure  A. 6-3)  in  a cross-strap  arrangement  so  that,  by  proper  command,  the 
simultaneous  connections  of  PMP  A to  transponder  A and  B to  B are  obtained 
(normal),  or  the  reverse  is  obtained  (B  to  A and  A to  B). 

In  addition  to  the  above  commands,  each  POT  can  provide  real  time  data  from  the 
selected  CTJ  to  its  dedicated  NBTR  record  amplifier.  The  on/off  commands  for 
this  function  control  power  to  drive  amplifiers  in  the  POT's.  Commands  required 
for  this  function  are  PARTTN,  PARTTF , PBRTTN,  and  PBRTTF  (reference  switch  P6  in 
Figure  4.6-1). 

4. 6. 1.3. 3 PMP  Output  Mode  Selection 

The  data  sources  described  in  4. 6. 1.3. 2 are  selected  in  various  combinations  for 
routing  to  either  a STDN  or  TBRSS  transmitter  output  on  the  PMP.  Data  to  the 
STDN  output  is  NRZ-M  bi -phase  encoded  and  P5K  modulated  on  a 1*024  MHz 
subcarrier  provided  by  the  active  CU.  Data  to  the  TDRS3  output  is  NRZ-M  encoded 
and  provided  on  separate  I and  Q channel  outputs  to  the  transmitter.  The  I 
channel  always  contains  real  time  telemetry. 

All  input /output  combinations  are  established  by  selecting  the  appropriate  POT 
modes.  The  basic  modes  available  and  the  configuration  of  the  PMP  switches 
necessary  are  depicted  in  Figure  4.6-2.  The  mode  outputs  are  turned  off  through 
control  of  power  to  the  STDN  and  TDRSS  output  amplifiers.  The  output  modes  are 
listed  below. 

Mode  A - Real  time  telemetry  to  STDN 

Mode  B - Real  time  telemetry  and  OBC  dump  to  STDN 

Mode  C - Real  time  telemetry  and  NBTR  or  PCD  to  STDN 

Mode  D - Real  time  telemetry  and  external  data  to  STDN 

Mode  E - External  data  to  STDN 

Mode  F - Real  time  telemetry  to  TDRSS 

Mode  G - Real  time  telemetry  and  OBC  dump  to  TDRSS 

Mode  H - Real,  time  telemetry  and  NBTR  or  PCD  to  TDRSS 

Mode  I - Real  time  telemetry  and  external  data  to  TDRSS 

Selection  of  output  mode  for  each  PM?  is  controlled  using  the  commands  listed 
below.  The  POT  A-B  to  XPNDR  A-B  configuration  is  imbedded  in  each  command  as 
part  of  the  selection  process.  A 'normal*"  command  to  either  POT  connects  POT  A 
outputs  to  XPNDR  A and  PMP  B outputs  to  XPNDR  B.  A 'reverse"  command  to  either 
PMP  connects  PMP  A outputs  to  XPNDR  B and  POT  B outputs  to  XPNDR  A (ref.  Figure 
4.6-3). 
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NBTR  P/S  OR  PCD 


EXT  DAT^. 
INPUT 


-Cnot  used  on  landsat  d 


PMP  A OR  B 


SI  selects  real  time  telemetry  data  from  CU  A or  B. 

S7  selects  OBC  memory  dump  data  from  STINT  A or  B. 

SI 8 selects  payload  correction  data  from  formatter  A or  B,  _ ___ 

SI 7 selects  NBTR  P/B  data  or  PCD.  NBTR  1 is  dedicated  to  PMP  A and  NBTR' 2 "to.  PMP.  A 
There  is  no  external  data  input  to  PMP  from  Landsat  D. 

P6  turns  on/grff  telemetry  data  to  NBTR  record  amplifier. 


Figure  4.6—1.  PMP  Input  Data  Selection 


... 

.\) 


ipwSWMWWlwiBEWItW^^lWEyilSfjg^^ 

. ’ 1%  .'  ...  .... 


ORIGINAL  PAGE  IS 
OF  POOR  QUALITY 

SVS-10266 
31  December  1981 


PMP  A 

PMP  B 

PMP/XPNDR  Configuration 

PANMOA 

PBNMOA 

Mode 

A normal 

PANMOB 

PBNMOB 

Mode 

B normal 

PANMOC 

PBNMOC 

Mode 

C normal 

PANMOD 

PBNMOD 

Mode 

D normal 

PANMOE 

PBNMOE 

Mode 

E normal 

PANMOF 

PBNHOF 

Mode 

F normal 

PANMOG 

PBNMOG- 

Mode 

G normal 

PANMOH 

PBNMOH 

Mode 

H normal 

PANMOI 

PBNMOI 

Mode 

I normal 

PANMOO 

PBNMOO 

Mode 

select  off  normal 

PARMOA 

PBRMOA 

Mode 

A reverse 

PARMOB 

PBRMOB 

Mode 

B reverse 

PARMOC 

PBRMOC 

Mode 

C reverse 

PARMOD 

PBRKOD 

Mode 

D reverse 

PARMOE 

PBRMOE 

Mode 

E reverse 

PARMOF 

PBRMOF 

Mode 

F reverse 

PARMOG 

PBRMOG 

Mode 

G reverse 

PARMOH 

PBRMOK 

Mode 

H reverse 

PARMOI 

PBRMOI 

Mode 

1 reverse 

PARMOO 

PBRMOO 

Mode 

select  off  reverse 

4.6*1 -3.4  PMP  Hardline  Outputs 

Each  PMP  has  a hardline  output  monitor  which  can,  by  command,  supply  the 
selected  input  data  described  in  4 .6.1 .3.2  to  the  module  interface  connector  for 
ground  test  monitoring.  Hardline  output  is  available  simultaneously  with  any 
mode  described  in  4.6. 1.3. 3*  Selection  of  output  for  each  monitor  is  controlled 
using  the  commands  listed  below,  and  the  configuration  of  the  select  switches  is 
depicted  in  Figure  4*6-4.  The  outputs  are  turned  on/off  through  control  of 
power  to  the  output  amplifier  (on  when  selecting  data  and  off  for  a hardline  off 
command) • 


PMP  A 

PMP  B 

Hardline  Output 

PAH DOF 

P BHD OF 

Outputs  off 

PARTHN 

PBRTHN 

R/T  telemetry  from  CU  A.  or 

B 

PAMDHN 

PBMDHN 

OBC  memory  dump  from  STINT 

A or  B 

PATDHN 

PBTDHN 

NBTR  P/B  or  PCD 

1 

} * 
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Figure  4.6-4.  PMP  Hardline  Output  Switching 
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4. 6 *1.3. 5 Convolutional  Encoding 

In  the  TDRSS  modes,  a 1/2  rate  length  7 convolutional  encoder  can  be  applied  to 
the  I and  Q channels  independently  by  command.  Encoder  in/out  select ior.  Is 
controlled  using  the  commands  listed  below,  and  the  configuration  of  the  select 
switches  is  shown  In  Figure  4. 6-2. 


) 


PMP  A 

PMP  B 

Encoder  Selection 

PACXNN 

PBCXNH 

I 

and  Q channel  encoders  on 

PACXFF 

PBCXFF 

I 

and  Q Channel  encoders  off 

PACXFN 

PBCXFN 

I 

channel  encoder  off,  Q channel  encoder  on 

PACXNF 

PBCXNF 

I 

channel  encoder  on,  Q channel  encoder  off 

4.6.1  *-4  Transponder  Commands 

Command  control  of  the  transponders  is  attained  by  discrete  commands  which 
enable/disable  power  to  the  transponder  transmitters,  and  by  serial  commands  to 
address  173  (transponder  A)  and  address  1/4  (transponder  B). 

The  transponders  can  be  commanded  into  either  a TDRSS  or  STDN  mode  as  required. 
Both  transponder  transmitters  should  not  be  on  at  the  same  time  in  the  3amc 
modes.  Having  both  on  in  different  Toodes  Is  acceptable.  Upon  initial- 
application  of  spacecraft  power,  or  after  power  restoration  subsequent  to  a 
temporary  disruption,  each  transponder  will  assume  the  following  state: 

Receiver  on  in  dual  mode 

Low  TDRSS  command  rate  selected 

Transmitter  off 

Lew  modulation  Index  selected 

STDN  telemetry  inputs  1 and  2 off 

STDN  ranging  off 

Automatic  transmitter  turn-on  inhibited 

Automatic  aux  oscillator  to  VCO  transfer  enabled  (allowed) 

4 . 6 . 1 . 4 . 1 Trans pond  e r R e ce i ve  > * C omma  nd s 

Both  transponder  receivers  are  always  powered;  there  is  no  off  command.  Each 


receiver  has 

two  comma ndable 

modes  selected  by  the  following  commands 

RCVR  A 

RCVR  B 

Mode 

TAR STM 

TBRSTM 

Dual  STDN/TDRSS  acquisition 

TARSMO 

TBRSMO 

STDN  acquisition  only 
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In  the  dual  mode  the  receiver  simultaneously  searches  for  the  suppressed 

carrier  signal  aui  the  STDN  residu&l^nrrier  signal,  and  automatically 
reconfigures  its  circuits  to  process  whichever  signal  Is  detected.  The  type  of 
signal  detected  is  indicated  by  the  telemetry  monitors  CXiARMD  and  CXPBRKD.  In 
the  STDN  only  mode  the  receiver  is  configured  tc  cccept  a STDN  signal  only# 
Telemetry  verifications  of  the  receiver  mode  coemnds  are  obtained  from  the 
monitors  CXPASTD  and  CXPBSTD. 

When  a STDN  signs!  is  detected,  the  command  detectors  in  the  receivers  are 
automatically  configured  to  accept  the  STDN  ? KBPS  command  rate*  The  command 
detectors  can  be  configured  by  command  to  accept,  in  the  TDRSS  mode  only,  either 
a medium  (1  KBPS)  or  low  {125  BPS)  command  rate*  There  i*  no  command  rate 
selection  for  STDN  reception*  The  TDRSS  comma nd  rate  selection  is  accomplished 
using  the  commands  listed  below*  Telemetry  verifications  of  the  commands  arc 
obtained  from  the  unitors  CXPADET  and  CXPBDET. 

RCVR  A RCVR  B VDRSS  Command  Rate 

TACKRM  TBCMRM  Medium  - 1 KBPS 

TACKRL  TBCMRL  Low  - 125  BPS 


4.6*1 *4,2  STDN  Transmitter  Telemetry  and  Ranging  Control 

Each  transponder  has  two  input  ports,  designated  telemetry  inputs  1 and  2,  to 
accept  STDN  telemetry  data  for  transmission  * Provisions  are  made  for  turning 
the  STDN  data  input  channels  on  or  off  by  command*  Input  2 is  not  used  on 
Landsat-*)  and  should  be  left  in  the  off  state.  Input  1 receives  data  from 
either  PMP  A or  B which  is  controlled  by  the  PM P STDN  mode  select  commands  (ref* 
Paragraph  4 .6. 1.3 *3).  Commands  required  for  telemetry  Input  control  are  listed 
below  and  depicted  in  Figure  4.6-5.  There  are  no  telemetry  monitors  associated 
with  these  commands.  One  possible  indication  of  line  1 on/off  is 
presence /absence  of  telemetry  ^ata  in  the  STDN  downlink  data  stream. 


XFNDR  A 

.XPNT.R  B 

Function 

TATI  IK 

TRTL1N 

TLM  input 

1 

on  (see  Paragraph  4. 6. 1*4. 4) 

TATL1F 

TBTL' F 

TIM  input 

1 

off 

TATL2N 

TBTL2N 

TLM  input 

2 

on  (not  used) 

TATL2F 

TBTL2F 

TLM  input 

2 

off 

The  turn-around  ranging  function  in  a transponder  is  available  only  when  the 
receiver  is  locked  to  a STDN  or  TDRSS  forward  link  signal.  STDN  ranging  (not 
TDRSS)  can  be  enabled/di sabled  by  the  commands  listed  below  and  depicted  in 
Figure  4.6-^*  Command  verifications  are  obtained  from  the  monitors  CXPARNG  and 
CXFBRNG * 
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TAERNC  TBERNG  Enable 

TADRNG  TBDRNG  Disable 


4. 6. 1.4. 3 Automatic  Oscillator  Transfer  Commands 

If  the  receiver  is  not  locked  to  a forward  link  signal  the  transponder 
automatically  selects  an  Internal  quartz  oscillator  (TOCO)  to  obtain  the 
transmitter  drive  frequency.  When  the  receiver  is  locked  to  a STDN  or  TDRSS 
signal,  the  transponder  can  automatically  switch  to  a voltage  controlled 
oscillator  (VCO)  in  the  receiver  to  control  the  transmitter  drive  frequency  to 
exactly  240/221  times  the  received  frequency.  The  transfer  from  TCXO  to  VCO  may 
be  inhibited  by  command  so  that  the  transmitter  drive  frequency  Is  always 
controlled  by  the  TCXO  (ref.  Figure  4.6-6).  Command  verifications  are  obtained 
from  the  monitors  CXPAOSC  and  CXPBOSC. 


XMTR  A 

XMTR  B 

Auto  transfer  to  VCO 

TAAOVN 

TBAOVN 

Allow  (enable) 

TAAOVF 

TBAOVF 

Inhibit  (disable) 

4. 6. 1.4. 4 Transmitter  On/Off  Control 

Power  to  the  transmitters  Is  enabled /disabled  by  commands  external  to  the 
transponders  (ref.  Figure  4.6-7).  These  commands,  listed  below,  are  for  backup 
use  only;  transmitter  on/off  control  should  be  obtained  by  commands  to  the 
transponder  with  the  transmitter  power  enabled.  Command  verifications  are 

obtained  from  the  monitors  CXMTAED  and  CXKTBED. 

XPNDR  A XFNPK  b Transmitter  Primary  Power 

XMTRAE  XHTRBE  Enable 

XKTRAD  XKTRBD  Disable 


As  Indicated  above,  transmitter  on/off  control  should  be  accomplished  by 
transponder  commands  instead  of  the  transmitter  power  enable /disable  commands. 
This  requirement  is  indicated  by  listing  XMTRAE  and  MRBS  as  prerequisite 
commands  in  Table  4.6-4.  If  the  appropriate  telemetry  monitor  (CXMTAED  or 
CXKTBED)  indicates  logic  **!**,  it  is  not  required  to  send  the  enable  commands 
before  sending  transmitter  on/off  commands. 

The  transmitters  can  be  commanded  on  in  either  a TDRSS  or  STDN  mode.  In  the 
STDN  mode,  either  a high  or  low  modulation  index  can  be  selected;  TDRSS 
modulation  index  is  automatically  selected  and  not  commandable . Due  to  tne 
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possibility  that  STDN  telemetry  1 input  may  be  off  (Paragraph  4. 6.1.4),  each 
STDN  transmitter  on  command  includes  the  telemetry  input  1 on  command.  The 
transmitters  also  have  an  automatic  on  mode  in  which  the  transmitters  will 
automatically  turn  themselves  on  when  they  achieve  lock  with  a forward  link 
signal;  this  mode  can  be  allowed  or  inhibited  by  command.  There  is  no  automatic 
transmitter  off  feature.  The  transmitters  must  be  commanded  off  from  any  on 
mode.  The  transmitter  on/off  commands  are  listed  below  and  depicted  in  Figure 
4.6-7. 


XP.NDR  A 

XPNDR  B 

Transmitter  On/Off  Mode 

TAXSHM 

TBSXHM 

STDN  on,  high  mod  index,  TLM  1 on 

TAXSLM 

TBXSLM 

S1DN  on,  low  mod  index,  TLM  1 on 

TAXTON 

TBXTON 

TDRSS  on 

TAXOFF 

TBXOFF 

STDN  and  TDRSS  off 

TAAXIN 

TBAXIN 

Inhibit  automatic  turn-on 

TAAXIF 

TBAXIF 

Allow  automatic  turn-on 

Command  verifications  are  obtained  from  the  monitors  CXMTANF , CXHXBNF , CXFAMDD, 
CXPBHOD,  CXPAXMT,  CXPBXMT , CAUTXMA  and  CAUTXMB. 

4. 6. 1.4. 5 TDRSS  Transmitter  PN  Code  Commands 

Each  transponder  has  two  TDRSS  input  ports,  designated  I and  Q channel  inputs. 
Data  to  these  ports  are  from  either  PKP  A or  B and  controlled  by  the  PMP  TDRSS 
mode  select  commands  (ref.  Paragraph  4. 6. 1.3. 3).  These  data  may  or  may  not  be 
convolutionally  encoded  by  the  PKP  (ref.  Paragraph  4. 6. 1.3. 5).  By  command 
control,  either  input  can  be  PSK  modulated  within  the  transponder  with  a PN  code 
of  3M  chips  per  second.  The  commands  for  PN  code  control  are  listed  below  and 
depicted  In  Figure  4.6-7.  Command  verifications  are  obtained  from  the  monitors 
CXPAPNI , CXPBPNI,  CXPAPNQ  and  CXPBPNQ. 


XMTR  A 

XMTR  B 

I 

& Q Channel  Codes 

TAINQN 

TB1NQN 

I 

& Q chan  on 

TAIFQN 

TBIFQN 

I 

chan  off,  Q chan  on 

TAINQF 

TBINQF 

I 

chan  on,  Q chan  off 

TAIFQF 

TBIFQF 

I 

& Q chan  off 

4. 6. 1.5  RF  Feed  Configuration  Control 

RF  signals  to  and  from  the  transponders  are  routed  to  output  ports  on  the  C&DH 
module  for  connection  to  an  RF  Combiner  unit  in  the  Instrument  Module  for 
distribution  to  the  omni  and  high  gain  antennas.  Command  controlled  RF  transfer 
switches  are  used  in  the  transmit  signal  paths  to  allow  transmitter  outputs  to 
be  connected  to  either  omni  or  high  gain  output  ports.  When  a transmitter's 
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output  is  tied  to  either  port*  the  other  port  is  terminated  with  a 50  ohm  load. 
Receiver  inputs  are  not  switched;  they  are  always  connected  to  the  omni  ports. 

The  commands  required  for  RF  switch  configuration  are  listed  below  and  depicted 
in  Figure  4.6-8.  In  order  to  effect  a configuration  change  it  is  necessary  to 
first  select  the  RF  switch  28  V bus  consistent  with  the  RIU  in  use.  After  bus 
selection,  any  of  the  three  RF  configuration  commands  can  be  executed  to  obtain 
the  desired  transmitter  feed  connections. 

Command  XMTR  A Feed  XMTR  B Feed 

S28ARF* 

S28BRF* 

RFC0N1 
RFC0N2 
RFC0N3 

^Either,  not  both. 

) Command  verif ica tions  are  obtained  from  the  monitors  C28VRFS  end  CRFSWC. 

4. 6. 1.6  OBC-STINT  Commands 

RIU  1 provides  discrete  commands  for  the  following  OBC  related  functions: 
o power  supply  selection  for  the  STINT,  CPM  and  memories, 
o . memory  configuration  control, 
o computer  failure  detection  circuitry  control. 


4. 6. 1.6.1  Power  Supply  Selection  and  Control  (Figure  4.6-9) 

The  C&DH  power  control  unit  contains  two  OBC/STINT  power  supplies.  Each  is 
dedicated  (i.e.  A to  A and  B to  B)  to  an  associated  oscillator  circuit,  a 
computer  failure  detection  circuit  and  a STINT/CPM  combination.  Power  supply 
turn-on  is  accomplished  by  the  STINT-NSSC  ON  commands,  which  also  energise  the 
computers.  Either  supply  may  be  selected  for  energizing  all  txmoiories;  however, 
the  OBC-STIHT  pair  corresponding  to  the  power  supply  selected  for  the  memories 
(A-A  and  B-B)  must  be  used.  The  commands  for  power  supply  selection  and  control 
are  listed  below: 
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OBOSTINT  A 

SPAH02 

SPAM13 

STNSAN  OR  (ON) 
STNSAO  (OFF) 


OBC-STINT  B 

SPBM02 

SPBKL3 

STNSBN  OR  (ON) 
STNSBO  (OFF) 


Both  power  supplies  shall  not  be  on  simultaneously,  and  both  must  be  off  when 
configuring  the  memories  (4.6.1 .6.2).  Command  verifications  are  obtained  from 
the  monitors  CPWRM02,  CPWRM13,  CSTOBCA,  CSTOBCB. 

4. 6. 1.6. 2 Memory  Configuration  Commands 

The  full  complement  of  eight  memories  can  be  configured  by  enable/disable 
commands  by  which  the  memories  are  enabled  in  pairs  and  disabled  in  groups  of 
four.  As  indicated  in  Table  4.6-4,  the  prerequisite  for  any  memory 
enable/disable  command  is  both  OBC/STXNT  power  supplies  must  be  off  to  prevent 
damage  to  the  memories  or  relays.  The  memory  configuration  commands  are  listed 
below  and  depicted  in  Figure  4.6-10.  Command  verifications  are  obtained  from 
the  monitors  CMEMOED , CMEM1ED,  CMEM2ED , and  C ME M3 ED. 

MEKOEN  ME MIEN 
MEM2EN  MEM3EN 
MEMO 2D  MEM 1 3D 


4. 6. 1.6. 3.  Computer  Failure  Detection  Commands  (Figure  4.6-11) 

Each  STINT-CPM  pair  has  its  own  failure  detection  circuit  which  is  powered  by 
the  dedicated  power  supply.  The  circuit  checks  that  the  power  supply  5 V 
secondary  voltage  Is  within  prescribed  limits,  and  that  a computer  1-second 
command  has  been  received  from  the  OBC  via  either  RIU  A or  B within  the  last  3 
seconds.  If  either  condition  is  not  satisfied,  the  failure  detection  circuit 
generates  a halt  signal  to  the  computer.  The  circuitry  can  be  enabled/disabled 
by  command.  It  must  be  disabled  In  order  to  start  the  computer  because  a halted 
computer  does  not  generate  the  1-second  commands  used  by  the  failure  detection 
circuit.  The  commands  associated  with  the  failure  detection  circuits  are  listed 
below.  Telemetry  verifications  for  the  enable /disable  functions  are  obtained 
from  the  monitors  CCFDAED  and  CCFDBED.  The  only  verification  of  the  1-second 
commands  is  that  the  OBC  has  not  halted. 


OBC  A 

OBC  B 

Computer  Failure  Detection 

CPFDDA 

CPFDDB 

Disable 

CPFDEA 

CPFDEB 

Enable 

CA1SEC 

CBISEC 

(From  operating  OBC) 
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Figure  4.6-10.  OBC  Memory  Configuration  Commands 
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4.6. 1.7  RIO  Control 

The  C&DH  RI Ts  (RIU  1A  and  IB)  are  connected  in  a redundant  configuration  such 
that  either  can  provide  communication  between  the  CU  and  other  C&DH  components 
via  the  multiplex  data  bus  (MDB) . An  'RIU  has  three  modes:  Off,  Standby  1,  an<^ 
Standby  2 (full  on).  In  the  Standby  I Mode,  the  RIU  channel  can  receive  only 
discrete  commands*  In  all  modes,  the  power  converters  in  both  RIUs  are  on  and 
both  of  the  MDB  redundant  supervisory  lines  are  continuously  monitored  by  the 
RIUs. 

In  normal  operation,  one  RIU  will  be  in  the  Standby  2 state  and  its  mate  will  be 
In  the  Off  state.  When  power  is  restored  after  interruption,  both  will  return 
to  their  prior  states.  In  order  to  activate  the  alternate  RIU,  It  is  necessary 
to  address  two  commands,  SRIUEN  and  RIUSB2,  to  the  off  RIU.  SRIUEN  causes  an 
Off  RIU  to  assume  the  Standby  1 state.  In  this  mode  it  can  only  accept  discrete 
commands.  RIUSB2  is  then  sent  to  the  same  RIU,  which  causes  it  to  assume  the 
Standby  2 (full  on)  state  and  simultaneously  place  its  mate  in  the  Off  state.  A 
backup  mate  off  command,  MRIUOX,  is  provided  in  the  event  RIUSB2  fails  to  place 
the  mate  RIU  in  the  Off  state.  MRIUDI  should  be  addressed  only  to  a RIU  in  the 
Standby  2 state,  and  never  to  one  in  the  Standby  1 state.  The  latter  condition 
will  result  in  one  RIU  Off  and  the  other  in  Standby  1 causing  the  OBC,  which 
requires  a full  on  RIU  for  self-checking , to  halt. 

Command  verifications  are  obtained  from  the  monitors  CRIUSBA  and  CMATENF . 

4. 6. 1.8  Module  Heater  Control 

The  C&DH  contains  eight  module  heaters,  configured  redundantly,  with  four 
heaters  on  each  of  two  identical  circuits.  Each  circuit  contains  four  resistive 
five  watt  heaters,  each  of  which  is  controlled  by  a mechanical  thermostat  having 
set  points  of  4.4  +2.8  degrees  C close  and  12.8  +2.8  degrees  C open.  Discrete 
commands  (HTRlEN  and  HTR1DI  for  the  prime  heater  circuit,  and  HTR2EN  and  HTR2DI 
for  the  redundant  heater  circuit)  provide  enable /disable  control  for  the  heaters 
as  shown  in  Figure  4.6-12.  Telemetry  verifications  for  these  commands  are 
obtained  from  the  monitors  CHTR1ED  and  CHTR2ED. 
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HTR1DI 


HTR2DI 


(j^  s mechanical  thermostat 


Figure  4.6-12.  C&DH  Module  Heater  Coratrol 
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4.6.2  CX)MHAKD  SEQUENCES 

4. 6. 2*1  Central  Unit  Sequences 

When  power  is  first  applied  to  the  C&DH  module,  both  central  units  will  assume 
the  Off  (standby)  state  with  internal  oscillator  ©elected,  1 KBPS  telemetry  bit 
rate  selected,  and  the  engineering  telemetry  format  selected.  To  achieve  the 
normal  CU  configuration  for  Landsat,  the  following  sequence  should  be  addressed 
to  the  CU  (A  or  B)  desired  to  be  active: 

CUMAFl  Hate  CU  OFF  1 
CUMAF2  Hate  CU  OFF  2 

CUSLFN  Self  CU  ON  (INT.  OSC.  SEL.  and  FWR  ON) 

CU EXON  SEL.  EXT.  OSC 

~ Select  desired  bit  rate  (normally  BR8KB) 

- Select  desired  format  (normally  CUMISF) 


If  it  is  desired  to  switch  from  an  active  CU  to  the  alternate  (standby)  CU,  the 
following  sequerce  should  be  addressed  to  the  standby  CU*  Note  that  this 
switchover  sequence  will  result  in  an  interruption  of  all  telemetry  and  command 
functions,  including  those  to  the  OBC. 

- Halt  the  OBC 
CUMAFl 
CUMAF2 
CUSLFN 

- Start  the  OBC  per  4. 6. 2. 2 or  4. 6. 2. 3 


4. 6. 2. 2 OBC  Memory  Conf i guration  Sequences 

Both  OBC  power  supplies  must  be  off  when  configuring  the  memories  to  prevent 
damage  to  the  memories  or  relays. 

If  uBC-A  is  to  be  used,  the  following  sequence  is  required: 

STNSAO 

STNSBO 

SPAH02 

5PAM13 

- Configure  memories  (Paragraph  4. 6. 1.6  2) 

CPFDCA 

STNSAN 

- Start  the  OBC 
CP FLEA 
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If  OBC-fi  la  to  be  used*  the  following  aequence  i©  required: 

STNSAO 
STNSBO 
SPBM02 
SPBM1 3 

- Co rvf  1 gu  r e m* mo  r 1 ea  ( Tara gr  up h 4 .6 , 1* 6 • 2 ) 

CPFPPB 

STNSRN 

- Start  the  ORC 
C.FFHEB 


4. 6.2 -3  OBC  Restart 

Whenever  a powered  ORC  (A  or  R)  has*  Wen  halted*  the  fo.n owing  sequence  la 
required  to  restart  the  ORC  without  triggering  the  failure  detection  circuit: 


ORC-A 

or rnnA 

-Start  the  ORC 

crn>cA 


OfiC-B 

crrnnh 

-Start  the  ORC 
CrFPKB 


4. 6. 2,4  RIP  Switchover 

To  switch  the  active  Kit1  to  its*  ©ate,  the  following  command  sequence  should  be 
sent  to  the  off  RIP: 


SRI  CRN 
R 1 US  M 


4.6.3  COMMAND  CONSTR.A \ NTS 
4 . 6 . 3 . 1 CP  Cons t r & 1 n t & 

1.  Roth  CP's  should  not  be  on  at  the  same  time.  If  both  are  on 

s ismil  t aneeu©  1 v t sassage©  on  t he  ssul  1 1 pi  d a t a bus  ms  v bo  garbled  and 
there  is  a p o a a i M 1 i t y o f i n d u c i ng  a s pur  i ou  a c o mma  n d o n t ho 
a u pe  r v 1 « o r v bit  a 1 i no a * The  c omma  ud  © eq  ue  n c e a of  4 . 6 . 2 . 1 © h o u 1 d be 

us ed  t o e ns u re  t h at  on  1 y o n s CP  i .«*  on . 

2.  The  required  sequence  for  switchover  f rota  one  OP  to  the  other 
(reference  4.6.2  .13  will  result  in  i ni  e r r it  p t i n g all  c o«n  d a nd 
telemetry  functions,  including  those  to  the  PRO.  The  ORC  should  he 
holt  ed  * t he  re  f o re  , pr  i or  t o s end  l ng  the  aw  i t c hove  r comma  nd©  . A f t p r 
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switchover,  the  OBC  restart  procedure  (Paragraph  4.6. 2*3)  should  be 
used  to  restart  the  computer. 

3.  Cl)  serial  commands  (address  170)  should  be  sent  only  to  the  active  CU . 
The  off  (standby)  CU  will  accept  special  command®  only,  and  will 
ignore  serial  commands  while  in  the  off  .state* 


4 .6 .3  .2  OBC/ ST I NT  Constraints 

1.  Both  OBC/STINT  power  supplies  must  be  off  when  configuring  the 
memories  (Paragraph  4. 6.2.2). 

2.  To  satisfy  OBC  operational  constraints,  only  one  OBC/STINT  pair  should 
be  on  at  any  time.  Both  should  not  be  on  simultaneously. 

3.  To  avoid  inadvertent  activation  of  the  OBC  failure  detect  ion  circuit, 
the  command  sequence  in  4. 6. 2. 3 is  required  to  start  & halted 
computer . 

4. 6. 3. 3 Transponder  Constraints 

1.  The  transmitter  power  enable/disable  commands  should  not  be  used  to 
turn  the  transmitters  on  and  off  (ref.  Paragraph  4.6. 1.4.4). 

2.  Both  transmitters  should  not  be  on  in  the  same  mode,  but  both  may  be 
on  in  different  modes. 

4 . 6 . 3 . 4 RF  Swi tch  Cons  t ralnts 

1.  RIU  1A  must  be  on  to  execute  command  S28ARF  (Paragraph  4. 6. 1.5). 
Conversely,  RIU  IB  must  be  on  to  execute  command  S28BRF . 

2.  The  transponder  transmitters  should  b * off  when  reconfiguring  the  RF 
switches  to  prevent  possible  switch  dawge, 

4 . 6 . 3 . 5 PH P Constraints 

1.  In  order  to  execute  PKP  serial  commands  (address  172),  the  PHP  (A  or 
8)  for  which  the  commands  are  intended  must  be  on. 
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4. 6. 3. 6 RIU  Constraints 

X.  The  backup  Hate  Off  command  (KRIUDI)  should  be  addressed  only  to  a RIU 
in  the  Standby  2 state  (ref.  Paragraph  4 .6.1 .7) . 


4.6.4  FUNCTIONAL  SCHEMATICS 

This  section  provides  functional  schematics  as  an  aid  to  understanding  the 
command  interface.  The  functional  schematics  are  provided  as  information  only 
and  are  superseded  by  the  exact  circuits  defined  on  the  C6DH  drawings. 
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4.7  C&PH  TELEMETRY 

Operation  of  the  C&DH  system  is  monitored  via  121  telemetry  channels  from  RIU  1 
and  the  central  unit  (CU).  Eight  serial  digital  channels  are  provided  directly 
by  the  CU*  RIU  1 provides  the  remaining  channels  of  which  9 are  active  analog, 
19  are  passive  (conditioned)  analog  requiring  a 1 milliampere  source  from  the 
RIU,  77  are  bilevel  digital,  and  8 are  serial  digital* 

The  telemetry  monitors  are  listed  in  Table  4.7-1  by  function  name  and  acronym. 
In  the  table,  signal  types  are  designated  ALOG  for  active  analog,  PASS  for 
passive  analog,  S for  serial  digital,  and  B for  bilevel  digital  functions.  The 
numbers  associated  with  the  S and  B notations  indicate  bit  numbers  of  the  8-bit 
digital  word  (where  bit  0 Is  the  MSB).  SMPL  RATE  defin  the  number  of  times  a 
function  is  sampled  in  a telemetry  major  frame*  Telemetry  matrix  locations  for 
C&DH  functions  are  the  same  in  both  the  Mission  and  Engineering  telemetry 
formats. 

Telemetry  function  descriptions  are  presented  In  Sections  4.7.1  and  4.7.2. 
Telemetry  derivation  circuits  for  selected  functions  are  presented  in  Section 
4.7*3.  For  information  regarding  calibration  curves  for  the  telemetered 
functions,  see  Appendix  A. 4. 
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Table  4.  7-1.  C&DH  Telemetry  List  (Cont. ) 
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Table  4.  7-1.  C&DH  Telemetry  List  (Cont. ) 


i-p-OJCM  CM  CM  r—  CM  CM 

vovovocoioiotOLDLOLn^LnLO^,^':a*<=rc'Oooc'Oroc\i<MCMCMi--couDvocovovo 

CM  CM  CM  CM  i-***  r—*  r— ■ p-  r— • i—  r—  p—  t—  i—  r—  r—  r*  r~  r—  r— » #•»»  r*~  r™  r-*  i — r—  r—  p—  r—  *»*•  p*-.r" 

r^-.  r — - r---  r—*  r— . f — r^.  r-—  r^»  i — ^ f — » r^-  r*^.  r*^  r-^.  r-*- 1 — ^ r — 

"Cf*  ,*^3"  *sz3-  «d-  J*cj-  «53*  <Gr  «cr  *3*  Kt  «d*  «;$■  «3*  k?  *T  "Or  <S*  53*  Sf  *3*  *c3-  *d*  «d* 


"'t  IfMX)  N 

M CJ  CM  CM  r-  O N O N CO  O CO  CT>  r-  O r-  Ol  O tO  in  Cn  CO  CO  M N tO  N CO  OlO»- 
r-r.f»r.OJr-t«Cy4(N4Cs|fOr.r«,fOCQCQC^NCsJCSiCvJC0COCDC0lOLninU>LOl£Mi5 
I I t 1 I I I 1 I 1 I I I I 1 I I 1 I I I I I I 1 I I I f I I I 

oooooooooooooooooooooooooooooooo 


<r  *3*  «d*  «3*  «3-  ■car 


r^f^r^!^«dOOp—  tonr-  o oo  «—  r—  ocnoocnocn^voto^ocbn^ofo^ 

OOOO^COCOrOCOCOCDCOOOCMWinNNtDrOtDr-r-r-r-r-  OMNr-CM(M 

CDCOCOCCCOCOCOCOtDtI)UDr^r^rN.ODCOrxuDUDNNObvOO^COOOe5UD(X)NN 

cr>cncnc^c^cncncncr)cno^cx>cncncncr>cna^cncnaocnoDa'>cnoocDcncr>  cn  cn  cn 


"(tintON  Wt/M/)tO00t/l(/10O(^t/lt/)(/)(/)00C0(/)W00  WOUOOGtSCDOO 

i i i i t/it/)(/)(/nn(/)i/)t/)t/)wt/)wvun^wto^inoooooo  OOO 

l II  i 

CQDQa3CQQ.G.Q.aa.a.a.a.Q.a.Q-Q.Q.aQ.D.  D.-Q-CL<cC<<<<  «=C<C<£ 


. — 

OO 

CL 

CL 

CL 

CL 

CL 

CO 

< 

CQ 

OO 

O 

c 

CD 

C 

O 

zz 

zr 

CD 

CO 

C 

O 

D> 

CQ 

O 

u. 

CD 

SE 

*S^* 

E 

E 

E 

«=C 

CQ 

<t 

1— 

!- 

CQ 

O 

O 

X 

CL 

X 

Q- 

I/O 

UJ 

UJ 

VO 

eg 

CL 

LU 

CL 

y~x 

UJ 

2T 

DC 

zs 

CD 

h- 

K- 

h- 

pz 

ZD 

ZD 

ZD 

2: 

< 

p— 

r— • 

*x 

CQ 

CQ 

0 

D> 

>» 

O 

CO 

X 

ul 

CL 

X 

u_ 

CL 

CD 

> 

VO 

DD 

CL 

C 

ro 

ZD 

t-^ 

»— •( 

v — < 

1 — 

l— 

CL 

VO 

VO 

UJ 

IX 

CL 

CL 

O- 

X 

O 

0 

X 

cc 

CD 

c 

'< 

CD 

CD 

CQ 

I'y' 

CO 

Ll 

ZD 

£~ 

ZD 

ZD 

CD 

cx 

£X 

CL 

CO 

VO 

X 

<c 

SI 

X 

X 

X 

X 

UJ 

X 

>< 

IX 

I2S 

O 

CL 

CL 

CD 

X 

CL 

LX. 

CD 

CM 

CL 

CD 

CL 

CD 

CD 

CL 

h- 

i — 

1— 

. — 

h~ 

h— 

h“ 

h~ 

P 

h— 

H- 

! — 

} — 

i — 

H~ 

>* 

D2* 

l5 

*£ 

X 

x 

<z 

X 

X 

< 

CD 

CD 

CD 

O 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

O 

CD 

CD 

CD 

O 

CD 

CD 

CD 

CD 

O 

CD 

CD 

CD 

CD 

CD 

OSIOWL  PACE  ,s 

0f  POOR  QUALITY 


*-*•  CQ  CQ 
O CO  (/)  t/> 
uj  —i  cl 

ZD  X CO 

2:  cd  ^ 

>h  H—  f—  h- 
}—  H- 1 t— « J— 4 CM 
2 S CQ  03  ro 
O OD 

cd  z:  2:  cl 

^ u.  o o sc 

DC  M W Z 
O t — - I — o 
Na  << 
f~  O.  Qi  £V  U 
Ll  ZD  ZD  CO 
Q CO  O CD 


CO  VO  00 

®s  s:  2: 

< X X 


: VO  VO  Cl 

• ccs:* 


N Oi  < < 
r—  CD  IX  X U 
Ll  ZD  ZD  CO 
Q CO  O O 
CL  «X  ♦*-! 

CD  Lv  U_  CO 

3:  co  z 2: 

0 03  0. 
JW.U.UUS 
LJ  p>  uj 

D5»  CO  3:  3:  CD  h- 
UJ  CO  00  cd 
_J  S>  <C  CL 


ZD  ZD  CL  - 
CD  LJ  51 
LJ  1 
OUh  - 
CD  CD 
«X  <c  ZD  : 
h-  h-  CD  i 
VO  OO  CL  1 


. CL  2S 

: 2*:  .►-«  a.  1 

UJ  Su  . 
f—  CQ  UJ 


1 O O H-  I 
2Z  . 

ODmi 


IZIU 

I CD  1 

: x cc  < ; 

• C C CL  I 

I UJ  UJ  CO  J 

izza 

UJ  < 

cl  £X  l—  : 
: e se;  sz  < 

IULJh) 

i — I— 

ro  « 

! UJ  LU  «* 
f —I  — I O I 
> ZD  ZD  I 

1 a o 2:  ; 

1 O O UJ  £ 

: e 2:  e : 


Cl  CL  CL  CL  <c  a.  I 

2:  E 2:  2;  UD  2:  . 

LJ  < LJ  < LU 
h—  h~  CL  I — 
CL  DC  O 
OUOLIhZ 
xZx3  «-X  UJ  ! 
CD  O CD  O — » 
hO.hQ.UO 


oc 

oc 

LU 

LU 

CL 

3: 

cl  rs 

LU 

O 

UJO 

3 

CL 

3:  CL 

O 

O 

Cl 

Q 

CL  O 

UJ 

LU 

O 

1 — 

Dh 

CL 

CD 

-UCL  CD 

LU 

< 

LU 

UJ  <C  UJ 

2> 

Zs 

~J 

>3:— 1 

LU 

QC 

U_ 

UJ  CL  Ll 

— 1 

O 

LU 

uou 

U- 

CL 

lull 

< «C  «C  CQ  CQ  CQ 

DC  DC  Od.  QC  CL  CL 
-OOO  O OO 
XXX  XXX 
I CL  CL  CL  CL  CL  CL 
X X X XXX 


cocbOf^cvjro^irjt^r^coc^or-csifO^inuQNCOcriOr-cvj  ro  ^ ltd 
eg  cm  00  co  ro  ro  n ro  ro  ro  ro  co  k?  kt  *3-  *3*  *3-  <3-  kt  si*  ud  ltd  lo  lo  lo  ud 

» » 1 * * « » 1 * t 1 » 1 1 1 1 1 1 i 1 * r j i 1 » 1 1 

XXXXXXXXXXXXXXXXXXXXXXXXXXXX 
a a Q O Q O O O Q O O O O O CD  O Q O O O O CD  O O Q ZD  Q Q 

u u o u u tj  o u u u u u u g u u u u u u u u u u u uu  u 


A-  19c; 


SYS- 10266 
31  December  1981 

4.7.1  ANALOG  TELEMETRY  FUNCTIONS 

The  C&DH  system  utilizes  28  analog  telemetry  channels  of  which  19  are  passive 
outputs  providing  temperature  indications..  Passive  analog  outputs  are  unpowered 
except  during  sampling,  at  which  time  the  RIU  provides  a 1 milliampere  current 
source  to  the  passive  channel  as  the  output  is  sampled.  Active  analog  channels 
are  energized  by  the  C&DH  power  supplies,  rather  than  the  RIU. 

This  section  presents  analog  telemetry  descriptions  using  the  acronyms  in  Table 
4 ..7-1*  Where  possible,  monitors  have  been  collected  into  functional  groups  for 
ease  in  understanding. 

Operating  limits  appear  in  Table  4.7-2.  The  limits  shown  were  selected  for 
warning  of  potential  problems  during  ground  test  environments.  In  orbital 
operation,  the  telemetry  functions  should  remain  well  within  these  limits. 

Telemetry  derivation  circuits  for  selected  analog  functions  are  presented  in 
Section  4.7.3. 
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Table  4.7-2*  C&DH  Analog  Telemetry  Limits 


Function 

Mode 

Limits 

Units 

C.PMPTMP 

S/C  ON 

0-35 

DEG  C 

CCUATMP 

S/C  ON 

5-40 

DEG  C 

- CCUBTHP 

S/C  ON 

5-40 

DEG  C 

CPCUTMP 

S/C  ON 

0-35 

DEG  C 

CTRIUA 

S/C  ON 

0-35 

DEG  C 

CTRIUB 

S/C  ON 

0-35 

DEG  C 

CTRIUAB 

S/C  ON 

0-35 

DEG  C 

CTSTNTA 

S/C  ON 

5-40 

DEG  C 

CTSTNTB 

S/C  ON 

5-40 

DEG  C 

CTXPAB 

S/C  ON 

0-35 

DEG  C 

CTA6 10 

S/C  ON 

0-35 

DEG  C 

CTA611 

S/C  ON 

0-35 

DEG  C 

CTMEMG3 

S/C  ON 

0-33 

DEG  C 

CTXFAPA 

S/C  ON 

5-4  5 

DEG  C 

CTXPBPA 

S/C  ON 

5-45 

DEG  C 

CTXPAXO 

S/C  ON 

5-40 

DEG  C 

CTXPBXO 

S/C  ON 

5-40 

DEG  C 

CTEXOSC 

S/C  ON 

10-40 

DEG  C 

CTXOVEN 

S/C  ON 

78-88 

DEG  C 

CVEXO.SC 

S/C  ON 

10.6  - 12.6 

VDC 

CVXOVEN 

S/C  ON 

15  - 17.5 

VDC 

CUNRG28 

S/C  ON 

21.5  - 32.5 

VDC 

CAGCXPA 

S/C  ON 

DBM 

CAGCXPB 

S/C  ON 

— 

DBM 

CXPAFWD 

XMTR  A ON 

TBD 

DBM 

■C.XPBFWD 

XMTR  B ON 

TBD 

DBM 

■CXPAREV 

XMTR  A ON 

TED 

DB 

CXPBREV 

XMTR  B ON 

TBD 

DB 
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4.7.1.1  +28  Volt  Unregulated  Bus  (CUNRG2S) 

This  function  indicates  the  magnitude  of  the  unregulated  voltage  provided  by  the 
Modular  Power  Subsystem  (MPS).  The  telemetry  voltage  is  derived  from  a 
resistive  divider  across  the  C&DH  unregulated  bus  input. 

4 . 7 .1 . 2 External  Oscillator  Monitors 

4.7.1.2.1  External  Oscillator  Case  Temperature  (CTEXOSC) 

External  Oscillator  Oven  Temperature  (CTXOVEN) 

CTXOVEN  indicates  the  oven  temperature  of  the  temperature  controlled  crystal 
oscillator  utilized  on  Landsat-D  as  the  ultra-stable  external  oscillator 
selectable  by  the  command  CUEXON.  When  power  is  first  applied  to  the 
spacecraft , this  function  will  indicate  a slow  rise  in  temperature  until  the 
oven  controller  reaches  its  set  point  (nominally  83  degrees  C) . Once 
temperature  stabilization  is  achieved,  the  controller  will  maintain  the  oven 
temperature  within  a degree  or  two. 

CTEXOSC  indicates  the  temperature  of  the  external  oscillator  case.  The  case 
temperature  should  remain  at  or  near  the  C&DH  module  temperatures.  The  oven  is 
thermally  isolated  from  the  case  and  there  should  be  little  or  no  heat  transfer. 

Telemetry  derivation  circuits  for  both  functions  are  presented  in  Figure  4.7—1. 

4. 7. 1.2. 2 External  Oscillator  Regulated  Voltage  (CVEXOSC) 

External  Oscillator  Oven  Voltage  (CVXOVEN) 

CVEXOSC  indicates  the  regulated  voltage  applied  to  the  oscillator  electronics, 
and  CVXOVEN  indicates  the  voltage  spoiled  to  the  oven  temperature  controller. 
Telemetry  voltages  for  both  monitors  are  derived  from  resistive  dividers  as 
shown  in  Figure  4.7-2. 

4 . 7 « 1 . 3 Transponder  Temperature  Monitors 

Function  XPNDR  A XPNDR  B 

TCXO  Temperature  CTXPAXO  CTXPBXO 

Power  Amplifier  Temperature  CTXPAPA  CTXPBPA 


CTXPAXO  and  CTXPBXO  indicate  the  temperatures  of  the  temperature  compensated 
(not  oven  controlled)  crystal  oscillators  in  the  transponders.  TCXO  temperature 
can  be  used  to  predict  and  verify  transmitter  frequency  from  data  obtained 
during  thermal /vacuum  tests. 

CTXPAPA  and  CTXPBPA  indicate  the  temperatures  of  the  transponder  power 
amplifiers.  In  normal  operation,  these  temperatures  should  remain  within  the 
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limits  in  Table  4.7 -2.  If  power  amplifier  temperature  reaches  the  redline  limit 
of  60  degrees  C,  the  affected  transmitter  should  be  turned  OFF. 

Telemetry  derivation  for  all  transponder  temperature  functions  is  presented  5n 
Figure  4.7-3. 

4. 7. 1.4  C&DH  Module  Structure  Temperature  Monitors 

Five  temperature  sensors  are  located  on  the  inner  surfaces  of  the  C&DH  module  to 
indicate  module  temperatures  Figure  4.7-5  shows  the  locations  of  the  monitors 
which  are  listed  he  Tow. 

CTRIUAB  - module  temp  between  RIU  A and  B 
CTMEM03  - module  temp  between  memory  modules  0 and  3 
CTXPA8  - module  temp  between  XPNDR  A and  B 
CTA610  - module  temp  near  heater  AGIO  thermostat 
CTA611  - module  temp  near  heater  A611  thermostat 


All  module  temperatures  are  derived  using  the  standard  thermistor  circuit  of 
Figure  4.7-4. 

4 .7.1.5  C&uH  Component  Temperature  Monitors 

The  monitors  described  in  this  section  Indicate  the  temperatures  derived  from 
sensors  inside  the  C&DH  components.  All  temperatures  are  derived  using  the 
standard  thermistor  circuit  of  Figure  4.7-4*  Component  locrtiuns  in  the  C&DH 
module  are  shown  in  Figure  4.7-5,  and  the  temperature  monitors  are  listed  below. 

CPMPTMF  - PMP  temperature 

CCUATMP  - CU  A temperature 

CCUBYMP  - CU  B temperature 

CPCUTMP  - Power  control  unit  temperature 

CTRIUA  - RIU  1A  temperature 

CTRIUB  - RIU  IB  temperature 

CTSINTA-  STINT  A temperature 

CT3TNTB  - STINT  B temperature 


4. 7. 1.6  Transponder  RF  Monitors 

4. 7. 1.6. 1 Receiver  AGC  Monitors 

CAGCXPA  - Transponder  A AGC  level 
C4GCXPB  - Transponder  B AGC  level 
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These  functions  indicate  the  received  RF  signal  strength  at  the  transponder 
receiver.  Since  signal  strength  is  a function  of  the  TDRSS  or  STDN  forward  link 
transmitters,  no  limits  were  defined  for  these  functions  in  Table  4.7-2.  The 
type  of  signal  received  (TDRSS  *r  STDN)  and  whether  the  receiver  is  inlock  with 
that  signal  are  indicated  by  the  receive  mode  and  receiver-in-lock  digital 
monitors  of  Paragraph  4 .7 .2.5.1. 

4. 7. 1.6. 2 Transmitter  RF  Power  Monitors 

CXPAEWD  - Transponder  A RF  forward  power 
CXPAREV  - Transponder  A RF  reflected  power 
CXPBFWD  - Transponder  B RF  forward  power 
CXPBREV  - Transponder  B RF  reflected  power 

Forward  power  telemetry  provides  an  indication  of  the  power  from  the  transmitter 
RF  output  to  the  antenna. 

Reflected  power  telemetry  provides  an  indication  of  the  power  reflected  back  to 
the  transmitter  RF  output  from  the  transmission  line  and  antenna. 

4.7.2  DIGITAL  TELEMETRY  FUNCTIONS 

The  C&DH  digital  monitors  provide  command  verification,  subsystem  status,  and 
diagnostic  information.  This  section  presents  digital  telemetry  descriptions 
using  the  acronyms  in  Table  4.7-1.  Where  possible,  monitors  are  collected  into 
functional  groups  for  ease  In  understanding. 

4 .7  .2 .1  Central  Unit  (CU)  Status  Telemetry 

4. 7. 2. 1.1  CU  and  Oscillator  Monitors 

CO  NCI)  ID , CCUANF,  CCUBNF  and  CO  SCI  NX  indicate  the  CU  status  resulting  from  the 
special  commands  CUMAF1 , CUMAF2,  CUSLFN  and  CUEXON  described  in  Paragraph 
4. 6. 1.1. 2.  They  are  decoded  as  follows: 


CONCUID 

0 

#c 

CU 

A 

active 

1 

CU 

B 

active 

CCUANF 

0 

ns 

CU 

A 

OFF 

1 

88 

CU 

A 

ON 

CCUBNF 

0 

CU 

B 

OFF 

I 

CU 

B 

ON 

CO SCI  NX 

0 

SK 

External  oscillator 

selected 

I 

EH 

Internal  oscillator 

selected 
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CONCU1D  is  valid  only  whenoae  CU  is  on*  If  both  are  on  (a  forbidden  state)  the 
indication  is  ambiguous , and  If  both  are  off  there  is  no  telemetry  data, 

4. 7. 2. 1 *2  Multiplex  Data  Bus  (MDB)  Monitors 

CSUPVBA  and  CRPLYBA  Indicate  the  MDB  status  resulting  from  the  special  commands 
5UPRAN,  SUPRBN , RPLYAN  and  RPLYBN  described  in  Paragraph  4, 6 ,1,1. 3,  They  are 
decoded  as  follows: 

CSUPVBA  0 « Supervisory  line  A selected 

1 * Supervisory  line  B selected 

CRPLYBA  0 Reply  line  A selected 

1 « Reply  line  B selected 


4. 7. 2.1 .3  Hardline  Telemetry  Output  Monitors 

Each  CU  has  a hardline  telemetry  output  to  the  C&DR  module  connector.  The 
outputs  are  not  used  on  Landsat-D.  The  commands  to  turn  the  outputs  on/off, 
however,  are  included  in  the  C&DH  commands  (Paragraph  4 .6*1. 1*5)  and  are 
verified  by  the  following  monitors; 

CCUARFN  0 * CU  A hardline  telemetry  output  ON 

1 « CU  A hardline  telemetry  output  OFF 

CCUBHFN  0 “ Cl)  B hardline  telemetry  output  ON 

1 “ CD  B hardline  telemetry  output  OFF 


4. 7.. 2. 2 CU  Telemetry  Data  Monitors 

4,7 .2.2.1  Telemetry  Bit  Rate  and  Data  Type 

CBITRAT  provides  verification  of  the  commands  in  Paragraph  4. 6. 1.2.1.  This 
monitor,  which  indicates  the  bit  rate  of  the  real  time  telemetry  data  stream 
from  the  active  CU,  is  decoded  as  follows: 

000  **  1 kbps 

001  * 2 kbps 

010  « 4 kbps 

011  **  8 kbps 

100  « 16  kbps 

101  - 32  kbps 

110  * 64  kbps 

111  * 128  kbps  (not  used  on  MMS) 
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CRTCDKP  indicates  whether  the  data  stream  from  the  active  CU  consists  of  real 
time  telemetry  data  or  OBC  memory  dump  data*  Since  OBC  memory  dump  data  is  via 
the  °MP  on  Landsat  rather  than  via  the  CU,  this  monitor  always  indicates  real 
time  telemetry  data* 

CRTCDMP  0 * OBC  memory  dump  data 

1 * real  time  telemetry  data 


4. 7*2. 2. 2 Telemetry  Format 

CFORMAT  indicates  the  telemetry  address  source  selected  by  the  commands  in 
Paragraph  4*6.1 *2.2  for  use  by  the  CU  format  generator.  It  is  decoded  as 
follows: 

CFORMAT  00  « CU  flex  format  (not  available  on  Landsat) 

01  ® Engineering  format  (ROM  1) 

10  « Mission  format  (ROM  2) 

11  « OBC  flex  format 


The  monitors  CCUAFLX  and  CCUSFLX  are  load/verify  indicators  for  loading  a flex 
format  into  programmable  RAM's  In  each  CU.  Since  the  CU  flex  format  Is  not 
available  on  Landsat,  these  monitors  should  be  Ignored. 

4. 7. 2. 2. 3 Minor  Frame  Sync  and  Counter 

CMFSYNC  is  a 24-bit  sync  pattern  appearing  at  the  start  of  every  telemetry  minor 
frame.  Each  minor  frame  consists  of  128  8-bit  words  numbered  0 through  127. 
There  are  128  minor  frames,  also  numbered  0 through  127,  in  a telemetry  major 
frame.  The  bit  pattern  of  CMFSYNC  appears  In  Table  4.7-1  in  binary  form  and  in 
octal  and  hexadecimal  form  below. 

CMFSYNC  - (76571440) {8}  « (FAF320){16) 

CMFCNT  is  the  output  of  a counter  which  starts  at  0 (or  128)  for  minor  frame 
zero,  and  increments  by  one  for  each  subsequent  minor  frame  up  to  255.  Since  a 
telemetry  major  frame  contains  128  minor  frames,  only  the  7 LSB  of  CMFCNT  should 
be  used  so  that  the  telemetry  output  will  always  count  0-127  instead.of  0-127, 
128-255,  0-127,  etc. 

4. 7. 2. 2. 4 Dwell  Mode  Indicators 

In  the  dwell  mode,  any  minor  frame  word  except  the  fixed  words  may  be  selected 
by  the  commands  in  Paragraph  4. 6. 1.2. 3 and  will  appear  in  every  telemery  frame 
location  except  fixed  word  locations.  Decoding  of  the  monitors  is  as  follows. 
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CDWLMOD  0 « not  In  dwell  mode 

1 » dwell  mode 

CDWLCHN  * channel  selected  for  dwell 


4. 7. 2 *2 *5  Spacecraft  Clock  Monitor 

The  spacecraft  clock  telemetry  monitor  is  a 24-bit  word  which  is  the  output  of  a 
1.024  second  counter  controlled  in  such  a manner  that  each  1.024  second 
increment  is  coincident  with  the  start  of  a telemetry  minor  frame.  Thus, 
regardless  of  telemetry  bit  rate,  the  monitor  always  displays  the  time  at  the 
start  of  the  minor  frame  in  which  a 1-Lit  change  occurred.  The  counter  is  set 
to  zero  when  the  CU  is  in  standby. 

Using  24  bits  with  a 1.024  second  update,  the  maximum  count  is  approximately  200 
days.  Decoding  of  the  three  8-bit  words  comprising  the  spacecraft  clock  is  as 
shown  below: 


Function 

Bit's  0 to  7 

Elapsed  Time 

CCLKLSB 

00000000 

0 

00000001 

1 .024  seconds 

11111111 

262.12  sec  (4.352  min) 

CCLKISB 

00000000 

0 

00000001 

4.369  min  (.0728  hr) 

11111111 

18.568  hrs 

CCLKMSB 

00000000 

0 

00000001 

18.641  hrs 

11111111 

4753.5  hrs  (198.1  days) 

4. 7. 2. 3 CU  Command  Signal  Monitors 

Both  transponder  receivers  are  continuously  operational  and  provide  forward  link 
signals  to  redundant  command  decoder  channels  in  the  active  CU  for  command 
processing  (receiver  A to  decoder  channel  A,  and  B to  B).  CCHAREJ  indicates 
whether  the  channel  A decoder  in  the  active  CU  has  rejected  a command  from 
transponder  receiver  A.  A valid  command  may  still  he  obtained  from  decoder 
channel  B.  The  channel  B command  decoder  has  no  command  reject  telemetry  in  the 
data  stream.  Decoding  is  shown  below: 

CCHAREJ  1 «*  command  rejected  by  channel  A 

0 **  command  not  rejected 
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CCMDCNT  increments  by  one  whenever  a command  is  accepted  by  the  active  CU>  The 
monitor  counts  to  a maximum  of  255. 

CSCKDCT  increments  by  one  whenever  a special  command  is  accepted  by  the  standby 
CU  rather  than  the  active  CU.  This  monitor  also  counts  to  a maximum  of  255. 

Each  CU  has  a separate  monitor  indicating  whether  that  CU  has  rejected  or 
accepted  a command.  The  monitors  CCUAREJ  (CU  A)  and  CCUBREJ  (CU  B)  are  decoded 
identically  as  shown  below: 

0 « command  accepted  by  CU 

1 ® command  rejected  by  CU 

4. 7. 2. 4 PMP  Status  Telemetry 

PMP  A telemetry  monitors  are  decoded  in  the  same  manner  as  PMP  B telemetry 
monitors.  In  the  following  paragraphs,  acronyms  for  PMP  B functions  which  are 
identical  to  PMP  A functions  are  enclosed  in  parentheses.  Example:  PMP  A (PMP 

B). 


4. 7. 2. 4.1  PMP  Power  Monitors 

CP HP AM F (CPMPBNF)  indicates  the  on/off  status  of  PMP  A(B)  resulting  from  the 
commands  described  in  Paragraph  4. 6. 1.3.1.  Decoding  is  shown  below: 

0 « PMP  A(B)  off 

1 - PMP  A(B)  on 


4. 7. 2. 4. 2 PMP  Input  Monitors 

The  following  monitors  provide  verification  of  the  commands  for  input  data 
selection  in  Paragraph  4. 6. 1.3. 2. 

CP A CUBA  (CPBCUBA)  Indicates  which  CU  has  been  selected  as  the  real  time 
telemetry  data  source. 

0 « CU  A selected 

1 * CU  B selected 


CPASTBA  (CPBSTBA)  indicates  which  OBC/STINT  has  been  selected  as  the  OBC  memory 
dump  source. 

0 - STINT  A selected 

1 » STINT  B selected 
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CPAN1MX  (CPBN2MX)  and  CPAMXAB  (CPBMXAB)  indicate  whether  NBTR  1(2)  playback  data 
or  payload  correction  data  (PCD)  has  been  selected  as  a PMP  A(B)  data  input* 
The  monitors  are  decoded  as  shown  below. 


CP AN1 MX  CPAMXAB 

(CPBN2MX)  (CPBMXAB) 


Input  selected 


0 

0 

1 

1 


0 

1 

0 

1 


PCD  from  formatter  A 
PCD  from  formatter  B 
NBTR  1(2)  playback  data 
NBTR  1(2)  playback  data 


CPARTTR  (CPBRTTR)  indicates  whether  PMP  A(B)  is  configured  to  route  real  time 
telemetry  data  to  the  record  amplifier  of  NBTR  1(2).  PMP  A is  dedicated  to  NBTR 
1 and  PMP  B to  NBTR  2* 

00  ® Real  time  telemetry  to  NBTR  1(2)  OFF 

01  ® Not  used 

10  = Real  time  telemetry  to  NBTR  1(2)  ON 

11  * Not  used 


4 .7*2 .4.3  PMP-Transponder  Configuration 

The  normal  PMP  tc  transponder  configuration  is  PMP  A to  transponder  A and  PMP  B 
to  transponder  B.  The  reverse  (cross-s trap)  configuration  is  PMP  A to 
transponder  B and  PMP  B to  transponder  A.  A single  monitor,  CPABXP,  is  used  to 
determine  the  configuration. 

CPABXP  0 * Normal  (A  to  A,  B to  B) 

1 « Reverse  (A  to  B,  B to  A) 


4. 7. 2. 4. 4 Convolutional  Encoder  Monitors 

Each  PMP  provides  two  outputs,  identified  as  I and  Q-chsnnels,  to  the  PDRSS 
transmitter  inputs  of  the  transponders . The  I-ehannel  always  outputs  real  time 
telemetry  data.  The  Q-channel  outputs  PCD,  NBTR  playback  data,  or  OBC  memory 
dump  data  depending  upon  which  input  has  been  selected  (reference  Paragraph 
4 * 7 . 2 . 4 . 2 ) • CPARTENC  (CPBRTENC)  and  CPASTENC  (CPBSTENC)  indicate,  respectively, 
whether  the  I and  Q~channel  outputs  are  convolutionally  encoded  in  response  to 
the  commands  of  Paragraph  4 .6 .1 .3.5.  All  are  decoded  in  the  same  manner. 

0 « Convolutional  encoder  OFF  (out) 

1 « Convolutional  encoder  ON  (in) 
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4. 7. 2 *4. 5 PMP  Output  Monitors 

CPAMODE  (CPBMODE)  indicates  the  PMP  outputs  selected  by  the  commands  of 

Paragraph  4.6. 1*3.3  for  return  link  data  transmission  via  the  transponders. 

Decoding  is  as  shown  below: 

0000  * Mode  select  outputs  OFF 

1000  » Mode  A * real  time  telemetry  (TLM)  to  STDN 

0100  80  Mode  B - real  time  TLM  & OBC  dump  to  STDN 

1100  * Mode  C - real  time  TLM  & NBTR  or  PCD  to  STDN 

0010  « Mode  D - real  time  TLM  and  external  data  to  STDN 

1010  «*  Mode  E - external  data  to  STDN 

0110  - Mode  F - real  time  TLM  to  TDRSS 

1110  * Mode  G - real  time  TLM  & OBC  dump  to  TDRSS 

0001  « Mode  H - real  time  TLM  & NBTR  or  PCD  to  TDRSS 

1001  * Mode  I - real  time  TLM  and  external  data  to  TDRSS 


CPAHDLN  (CPBH.DLN)  indicates  PMP  hardline  output  data  modes  selected  by  the 
commands  of  Paragraph  4. 6. 3.3. 4.  Decoding  is  as  shown  below: 

00  « Hardline  outputs  OFF 

01  » OBC  memory  dump  data  to  hardline 

10  « Real  time  telemetry  data  to  hardline 

11  « PCD  or  NBTR  playback  data  to  hardline 


4. 7. 2. 5 Transponder  Status  Telemetry 

Transponder  A telemetry  monitors  are  decoded  in  the  same  manner  as  transponder  B 
telemetry  monitors.  In  the  following  paragraphs,  acronyms  for  transponder  B 
functions  which  are  identical  to  transponder  A functions  are  enclosed  in 
parentheses . 

4. 7. 2. 5.1  Transponder  Receiver  Monitors 

CXPARAS  indicates  the  transponder  A receiver  acquisition  state  (RAS). 
Transponder  B has  no  RAS  telemetry  in  the  data  stream. 

0000  « Not  used 

0001  « Start  code  and  CW  search 

0010  - Side  lobe  search  no.  1 

0011  PN  loop  acquisition 

0100  ■*  Carrier  loop  acquisition 

0101  =.Side  lobe  search  no.  2 

0110  **  Long  code  search 

0111  * Multipath  search 

1000  TDRSS  tracking  mode 
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1001  » Not  used 

1010  ® Not  used 

1011  «*  STDN  mode  acquisition 
1100  **  STDN  tracking  mode 


CXPASTD  (CXPBSTD)  indicates  the  receive  mode  in  which  the  transponder  has  been 
placed  by  the  mode  commands  of  4 *6.1 *4.1. 

0 ■ Dual  (STDN  and  TDRSS)  receive  mode  commanded 

1 “ STDN  only  receive  mode  commanded 

CXPARHD  (CXPBRHD)  indicates  the  receive  mode  of  the  transponder  resulting  from 
an  uplink  signal.  In  the  dual  mode  above,  the  receive  mode  will  be  either  TDRSS 
or  STDN  depending  upon  which  signal  is  first  detected.  In  the  STDN  only  mode, 
the  receive  mode  can  only  be  STDN. 

0 “ STDN  receive  mode 

1 « TDRSS  receive  mode 


CXPARLK  (CXPBRLK)  indicates  whether  the  transponder  is  in  lock  with  a STDN  or 
TDRSS  uplink  signal,  or  neither.  If  in  lock,  the  receive  mode  monitors  above 
will  indicate  which  type  signal. 

0 * Receiver  in  lock 

1 *■  Receiver  not  in  lock 


CXPACLK  (CXPBCLK)  indicates  whether  the  command  detector  in  the  receiver  Is  in 
lock.  A receiver  In  lock  and  a detector  in  lock  signal  must  both  be  present 
before  the  CU  will  process  command  signals  from  the  receiver. 

0 Receiver  command  detector  in  lock 

1 • Receiver  command  detector  not  in  lock 


CXPADET  (CXPBDET)  Indicates  the  bit  rate  selected  for  the  transponder  command 
detector  in  the  TDRSS  receive  mode.  The  commands  for  selection  are  described  in 
Paragraph  4. 6. 1.4.1.  In  the  STDN  receive  mode,  the  command  signal  bitrate  is  2 
kbps  and  is  not  selectable  by  command* 

0 «•  125  bps  (low)  TDRSS  command  rate 

1 83  1 kbps  (medium)  TDRSS  command  rate 
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CXPAHPTH  (CXPBMPTH)  indicates  whether  a multipath  is  present  when  the 
transponder  is  in  the  TDRSS  receive  mode.  Hultipaths  are  possible,  especially 
when  the  line  of  sight  between  TDRSS  and  Lands&t  is  near  the  earth  horizon. 


0 =*  No  multipath 

1 *»  Multipath 


4. 7. 2. 3. 2  Ranging  and  Oscillator  Command  Monitors 

CXPARNG  (CXPBRNG)  provides  verification  for  the  STDN  ranging  enable/disable 
commands  in  Paragraph  4, 6. 1.4. 2.  ' 

0 * STDN  ranging  OFF  (disabled) 

1 » STDN  ranging  ON  (enabled) 


CXPAOSC  (CXPBOSC)  provides  verif ication  for  the  automatic  oscillator 
inhibit /allow  commands  in  Paragraph  4. 6 .1.4. 3. 

0 * Auto  transfer  from  TCXO  to  VCO  enabled  (allowed) 

1 Auto  transfer  from  TCXO  to  VCO  disabled  (inhibited) 


4. 7. 2. 5. 3  PN  Code  Monitors 

The  I and  Q-channel  signals  from  the  PMP  (reference  Paragraph  4. 7. 2. 4. 4)  may  or 
may  not  be  PSK  modulated  within  the  transponder  with  a PN  code.  Verification  of 
PN  code  control  commands  (Paragraph  4. 6. 1.4. 5)  is  obtained  from  the  monitors 
CXP AN I ( CXPBPNI)  and  CXPAPNQ  (CXPBPNQ).  All  are  decoded  in  the  same  manner. 

0 « PN  code  (I  or  Q-channel)  ON 

1 - PN  code  (I  or  Q-channel)  OFF 


4. 7. 2. 3. 4  Transmitter  Status  Monitors 

CXKTAED  ( CXMTBED ) indicates  the  status  of  enable /disable  relays  in  series  with 
the  transmitter  primary  power  input  lines.  In  normal  usage  the  relays  remain  in 
Che  enable  position  and  transmitter  power  on/off  is  controlled  by  the  commands 
in  Paragraph  4. 6. 1.4.4. 

0 «*  Transmitter  printary  power  disabled 

1 Transmitter  primary  power  enabled 
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CXOTANF  (CXMTBNF)  indicates  the  on/off  status  of  the  transmitter. 

0 88  Transmitter  OFF 

1 « Transmitter  ON 


CAUTXMA  (CAUTXKB)  indicates  whether  the  transmitter  automatic  turn-on  feature  is 
allowed.  If  allowed,  the  transmitter  will  turn  Itself  on  when  the  transponder 
receiver  detects  a STDN  or  TDRSS  uplink  signal,  at  which  time  CXMTANF  (CXMTBNF) 
will  become  a logic  ”1”.  There  Is  no  automatic  turn-off  feature.  The 
transmitter  must  be  commanded  off  from  any  on  mode. 

0 « Transmitter  auto-on  disabled  (inhibited) 

1 « Transmitter  auto-on  enabled  (allowed) 


CXPAXMT  (CXPBXMT)  indicates  whether  the  STDN  or  TDRSS  transmit  mode  has  been 
selected  by  command. 

0 **  TDRSS  transmit  mode 

1 « STDN  transmit  mode 


CXPAMOD  (CXP3M0D)  Indicates  whether  a high  or  low  modulation  index  has  been 
selected  for  a transmitter.  In  normal  operation,  low  modulation  index  will  be 
used  only  in  PMP  mode  A - real  time  telemetry  to  STDN. 

0 « Low  modulation  index 

1 « High  modulation  index 


OR  * G f K>\  L Pl\Qr? 

or  poor  QoSi® 


4. 7. 2. 6 RF  Switch  Telemetry 

The  telemetry  monitors  in  this  section  provide  verification  for  the  commands  of 
Paragraph  4 .6. 1.5  . 

C28VRFS  indicates  which  28  volt  bus  has  been  selected  for  use  during  RF  switch 
configuration  commands. 

C28VRFS  0 « 28V  bus  A for  RF  switch 

1 83  28V  bus  B for  RF  switch 


CRFSWC  provides  verification  of  the  RF  switch  configuration  commands.  The  RF 
switches  are  used  in  the  transponder  transmit  signal  paths  to  route  the 
transmitter  outputs  to  omul  or  high  gain  antennas.  Decoding  is  as  shown  below: 
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CRFSWC 


Configuration 


XMTR  A 


XHTR  B 


00 

01 

10 

11 


Not  used 
2 
1 
3 


Hi  gain 

Omni 

Omni 


Omni 
Hi  gain 
Omni 


4.7. 2.7  OBC  Discrete  Command  Telemetry 

The  telemetry  monitors  in  this  paragraph  provide  verification  of  discrete 
commands  addressed  to  the  OBC  via  the  C&DH  RIU  (Section  4. 6. 1.6) . Commands 
routed  directly  to  the  OBC  (not  through  the  RIU)  are  described  in  Section  6.0  of 
this  document. 

CSTOBCA  (CST0BCB)  indicates  the  status  of  the  STINT-OBC  power  supplies  resulting 
from  the  commands  of  Paragraph  4. 6. 1.6.1. 

0 “ STINT,  NSSC  A(B)  OFF 

1 « STINT,  NSSC  A(B)  ON 


CCFDAED  (CCFDBED)  Indicates  the  status  of  the  OBC  failure  detection  circuits 
resulting  from  the  commands  of  Paragraph  4. 6. 1.6. 3. 

0 « Computer  failure  detector  A(B)  disabled 

1 - Computer  failure  detector  A(B)  enabled 


CPWRK02  indicates  which  STINT-OBC  power  supply  has  been  selected  for  memories  0, 
2,  4 and  6.  CPWRM13  Indicates  which  power  supply  has  been  selected  for  memories 
1,3,5  and  7.  Both  monitors  are  decoded  in  the  same  manner. 

0 *»  Power  supply  A selected 

1 - Power  supply  B selected 

CMEMOED , CMEM1ED,  CMEM2ED  and  CMEM3ED  indicate,  respectively,  the  enable/disable 
status  of  memory  pairs  0 and  4,  1 and  5,  2 and  6,  3 and  7.  All  are  decoded  in 
the  same  manner. 


0 m Memory  pair  X disabled 

1 * Memory  pair  X enabled 
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4 .7.2.8  OBC  Memory  Dump  Monitors 

CCUADMP  (CCUBDMP)  indicates  the  bit  rate  selected  by  the  CU  special  commands  of 
Paragraph  4. 6. 1.1. 5 for  an  OBC  memory  dump. 

0 » 1 kbps  dump  rate 

1 **  32  kbps  dump  rate 

CADMPHS  (CBDMPHS)  indicates  the  type  of  dump  from  OBC  A(B)  which  has  been 
requested  by  computer  commands. 

00  ■ Software  dump 

01  « Hardware  dump 

10  » Not  used 

11  » No  dump 


CADMPID  (CBDHPID)  indicates  which  memory  bank  via  OBC  A(B)  has  been  selected  for 
dump.  There  are  eight  memories  identified  0 through  7.  Each  memory  has  two 
banks  with  0 and  1 in  memory  0,  banks  2 and  3 in  memory  1,  etc.  Decoding  of 
memory  bank  dump  identification  telemetry  is  shown  below. 


0000 

Memo  ry 

bank 

15 

0001 

- 

Memo  ry 

bank 

14 

0010 

at 

Memo  ry 

bank 

13 

0011 

» 

Memo  ry 

bank 

12 

0100 

83 

Memory 

bank 

11 

0101 

SB 

Memo  ry 

bank 

10 

0110 

a. 

Memory 

bank 

9 

0111 

8* 

Memory 

bank 

8 

1000 

cn 

Memo  ry 

bank 

7 

1001 

- 

Memory 

bank 

6 

1010 

8C 

Memory 

bank 

5 

1011 

- 

Memory 

bank 

4 

1100 

m 

Memo  ry 

bank 

3 

1101 

u 

Memory 

bank 

2 

1110 

EB 

Memo  ry 

bank 

1 

11  it 

Memory 

bank 

0 
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4 .7  .2 *9  RIU  Status  Monitors 

CKJUSBA  and  CMATENF  indicate  RIU  1A  and  IB  status  resulting  from  the  commands  of 


Paragraph  4. 6. 1.7. 

CRIUSBA 

CMATENF 

RIU  1A/1B  STATUS 

0 

0 

A ON,  B OFF 

0 

1 

A ON,  B standby  1 

1 

0 

B OH,  A OFF 

1 

1 

B ON,  A standby  1 

4 .7  .2  *10  Heater  Status 

Monitors 

CHTRIED  and  CHTR2ED  provide  command  verification  for  the  prime  and  redundant 
heater  enable/disable  commands  of  Paragraph  4. 6. 1.8.  Both  monitors  are  decoded 
in  the  same  manner. 

0 Heater  1(2)  disabled 

1 * Heater  1(2)  enabled 

4.7.3  TELEMETRY  DERIVATION  SCHEMATICS 

Figures  4.7-1  through  4.7-4  depict  functional  schematics  showing  the  derivation 
of  the  telemetry  functions.  These  figures  should  aid  in  unders tanding  the 
telemetry  .interface.  Note  that  the  functional  schematics  are  provided  as 
information  only  and  are  superseded  by  the  exact  circuits  defined  on  C&DH 
drawings . 

4.7.4  COMPONENT  LOCATIONS 

Figure  4.7-5  shows  the  location  of  components  in  the  C&DH  Module. 
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■>  TLM  to  RIU 


FENWALL 
UUB31J1 
0 1^25*0) 


TLM:  CTXPAXO 

CTXPBXO 
CTXPAPA 
CTXPBPA 


Figure  4.7-3.  Transponder  Temp  Monitors 


TLM:  CPMPTMP 

CCU ATM P 
CCUBTMP 
CTRIUA 
CTRIUB 


CTSTNTA  CPC'JTMP 

CTSTNTB  CTRIUAB 

CTXPA3  CTMEM03 

CTA6 1 0 
CTA61 1 


Figure  4.7-4.  Standard  Thermistor  Circuit 
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LEGEND 

A131  TDR^S  Transponder  A 

a 1G2  TDR.S.S  Transponder  B 

A 105  Dioiexer  A 

A] 06  Diptexer  5 

A 107  gano  Reject  Filter  A 

AIDS  Band  Reject  fitter  B 

AlOR  Central  Processor  Module  A (CPMW 

AllO  Central  Processor  M-xute  5 ICPMI 

A1U  Memory  Moouie  1 

AU2  Memory  Mcoure  0 

AU3  Memory  Modui®  5 

AU4  Memory  Moome  2 

A115  Memory  Mocuie  5 *Myi 

A life  Memory  Mcoute  4 ‘Myi 

Al^S)  NASA  S tanas  re  Two  RecofO&rA  tNSTk) 

A 141  NASA  Standard  T&*  Recorder  b (N.STR) 


A200  RF  Sin  ten  i 
A20i  RFSmtcn’ 

A.210  Cemroi  Unit  A lOi) 

A211  Centred  Umt  S iCu) 

A220  Standard  I mertaa  tor  Computer  A tSTlNT) 

A221  Standard  I merface  tor  Computer  3 (STINT! 

A 230  Remote  interface  unit  A iRIUi 

A 231  Remote  I merface  Unit  5 sRIUI 

M3}  Bus  Coupling  Uni!  BCV  A £ 8 

A233  Expander  ‘Jmt  VJ  AU 

A30S  Rc^er  Control  Urut  A < PCJJ 

A3C0  Control  umt  5 ..tPCUJ 

A319  Pre-M^uiator  Processor  PMP  A > 3 

AI50  External  ocetltatof 

ASI7  Memory  Module  7 1«0) 

AHS  Memory  MoSytf  6 *MU> 


Figure  4.7-5.  Component  Location  Diagram 
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SECTION  5.0  SVS-10266 

NARROWBAND  TAPE  RECORDERS  Volume  I 

December  31,  1981 


The  Landsat-D  spacecraft  has  two  identical  narrowband  taoe  recorders  designated 
NBTR1  and  NBTR2.  Each  recorder  can  record  or  playback  data,  but  not  both 

simultaneously*  Each  recorder  has  a minimum  capacity  of  238  minutes  of 
recording*  Playback  time,  based  on  this  minimum  capacity,  will  be  14.9  or  7.45 
minutes  depending  on  tape  speed.  A playback  will  be  shorter  if  less  than  a full 
tape  has  been  recorded.  A winding  capability  allows  tape  to  be  moved  in  the 

forward  or  reverse  direction  at  a high  speed  without  erasure  of  previously 
recorded  data.  In  this  mode  the  tape  can  be  moved  end  to  end  in  3.7  minutes* 
Each  recorder  is  comprised  of  a Transport  Unit  (TU)  and  an  Electronics  Unit 

(EU).  Each  recorder  contains  a minimum  of  500  feet  of  useful  tape.  Primary, 
secondary  and  tertiary  sensors  stop  the  recorder  when  they  sense  either 
beginning  of  tape  (BOT)  and  end  of  tape  (EOT'.  When  in  the  record  mode,  they 
stop  the  recorder  when  they  sense  EOT  and  in  the  playback  mode  when  they  sense 
BOT. 

Note  that  the  above  values  are  based  on  the  minimum  tape  capacity;  it  is 

expected  that  the  actual  capacity  will  be  somewhat  greater  than  238  minutes. 

5.1  NBTR  FUNCTIONAL  DESCRIPTION 

p 

The  Landsat-D  tape  recorder  is  a slightly  modified  version  of  the  10  bit  GSFC 
standard  tape  recorder,  a block  diagram  of  which  is  shown  in  Figure  5.1-1  * 

Digital  data  recording  is  accomplished  by  demultiplexing  the  input  data  onto  2 
channels  that  are  recorded  in  parallel  and  4 times  redundantly  (groups  A through 
D)  on  the  magnetic  tape  as  shown  in  Figure  5. 1-2, Upon  playback,  one  of  the  4 
pairs  (selected  by  command)  of  redundant  signal  channels  is  deskewed  and 
de jittered  and  finally  combined  into  a single  output. 

During  recording,  the  tape  speed  is  controlled  by  the  externally  supplied  data 
input  clock.  During  playback,  the  timing  reference  is  derived  from  a crystal 
oscillator  located  within  the  recorder.  Tape  motion  is  achieved  by  using  a 
brushless  DC  motor  whose  speed  is  controlled  by  a tachometer  sensor.  During 
recording  this  sensor  compares  motor  speed  with  the  external  data  timing 
reference.  During  playback,  the  tachometer  sensor  is  replaced  by  the  off-tape 
playback  signal  which  is  compared  to  the  internal  crystal  oscillator. 

The  recorder  is  provided  with  a multiplexed  (binary  logic)  command  system.  As 
such,  it  does  not  have  any  memory  during  periods  when  the  recorder  is  turned 
off.  Thus,  a full  set  of  commands  is  generally  required  to  establish  the 
desired  recorder  operating  mode.  The  commands  are  stored  while  the  recorder  is 
in  the  standby  mode. 

Power  ON/Fower  OFF  and  the  EU/TU  interchange  is  effected  by  the  use  of  latching 
relays. 


L$D~WPC-263 


5-1 


INPJV 

TO 


SVS-10266 
DECEMBER  31,1981 


OUTPUT 
FROM 


r'i  .jure 


5,1-1.  na rrowoano  Tape  Kecor  rip r (uluK) 


Functional  Mock  Maarap 


SVS-10266 
31  December  1981 


ORIGINAL  PAGE  IS 
Of  POOR  Qb Atu  Y 


The  commanded  operating  mode,  the  actuaJ  operating  mode,  and  various  other  vital 
recorder  functions  and  conditions  are  monitored  by  a telemetry  system.  The 
majority  of  these  signals  are  made  available  to  the  spacecraft  in  multiplexed 
format,  their  timing  being  controlled  by  externally  generated  signals. 
Temperature,  pressure  and  total  recorder  current  are  available  in  a non- 
multiplexad  format. 

Each  tape  recorder  is  dedicated  to  a PMP.  Tape  recorder  l and  tape  recorder  2 
are  dedicated  to  PMP -A  and  B respectively.  The  signals  to  the  tape  recorder 
consist  of  NRZ-L  data,  plus  a IX  clock.  Tape  recorder  playback  provides  an  NRZ- 
L serial  data  stream,  a IX  clock  and  a 2X  clock  signal.  Tape  recorder  A&B 
record  and  playback  functions  are  obtained  from  PMP-A  and  PMRB  respectively. 
When  in  the  record  mode,  the  tape  recorder  receives  data  and  a IX  clock  signals 
from  differential  drivers  in  the  associated  PMP.  The  data  consists  of  the 
serial  R/T  telemetry  bit  stream  from  the  selected  CU.  The  NRZ-L  data  rate  can 
range  from  1 Kbps  to  64  Kbps  depending  upon  CU  mode.  A data  rate  of  8 Kbps  is 
anticipated.  Playback  NRZ-L  serial  data  race  for  Landsat-D  is  expected  to  be  128 
Kbps  to  TDRS  and  256  Kbps  to  GSTDN. 

Primary  end  of  tape  protection  is  provided  by  reading  the  footage  counter 
telemetry  and  generating  beginning  of  tape  (ROT)  signal  on  a low  count  detector, 
and  end  of  tape  (EOT)  signal  on  a high  count  detector*  The  footage  indicator 
telemetry  is  derived  from  a counter  reading  the  outside  code  pattern  of  a code 
wheel  mounted  on  the  capstan  tape  drive  shaft.  The  counter  begins  after  a reset 
pulse  and  counts  until  one  revolution  of  the  takeup  reel  is  completed.  The 
counter  value  is  transferred  to  the  telemetry  just  prior  to  reset  and 
continuation  of  the  next  count  cycle. 

Secondary  end  of  tape  protection  is  provided  by  optical  detection  with  a LED 
through  a window  near  the  beginning  and  end  of  tape. 

A tertiary  end  of  the  tape  protection  is  provided  by  a mechanical  mechanism 
which  trips  a micro  switch  and  brakes  the  tape  reel  to  a stop  when  the  buildup 
of  tape  on  a reel  exceeds  a predetermined  limit.  The  mechanism  is  on  both 
wheels  and  provides  BOT  protection  on  one  reel  and  EOT  protection  on  the  other 
reel . 
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5.2  NBTR-  PERFORMANCE  CAPABILITIES 

The  NBTR  performance  characteristics  are  summarized  in  Table  5.2-1. 


Table  5.2-1.  NBTR  Capability  Summary 


Function 

Capability 

Landsat-D 
Imp 1 eme at a t ion 

Select  Tape  Speed 

21  Commandable 
tape  speeds 

3 tape  speeds  used 
13.386  IPS 
6.693  IPS 
0.418  IPS 

Tape  Direction  Control 

FWD  & REV 

Same 

Motor  Encoder  LED 
Selection 

PRI  & SEC 

Same 

Tape  Erase 

ON/OFF 

Automatically  selected 
by  record/play  contre. 

Tape  Track  Selection 

V pair  selection 
2 groups  of  4 
tracks 

4 pair  selection  only 

Mode  Selection 

STOP  / RECORD  / P LAY  /WIND 

Same 

Channel  Muliplexing 

4 channel  parallel 
8 channel  parallel 

8 channel  only 

/ 

Timing  Reference 

External  & Internal 
Crystal 

External  - RECORD 
Internal  - PLAYBACK 
and  WIND 

5.3  NBTR  OPERATING  MODES 

The  basic  NBTR  operating  mode  selections  and  the  resultant  operations  are 
summarized  in  Table  5.3-1. 
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Table  5.3-1*  NBTR  Operating  Modes 


MODE 

SPEED 

RATE 

FULL 

TAPE 

TIME 

Record 

0.42  ips 

(Record  runs  from  BDT  to  EOT) 

8 Kbps 

>238  min. 

Playback  16/1 

6.7  ips 

(Playback  runs  EOT  to  BOT) 

128  Kbps 

>14.9  min. 

Playback  32/1 

13.4  ips 

(Playback  runs  EOT  to  BOT) 

256  Kbps 

>7.45  min. 

Wind 

>33  ips 

(Ccmmandable  Either  Direction) 

>3.1  min. 

Erase 

(Automatically  ON  during  RECORD) 
(Automatically  OFF  during  PLAYBACK) 

Stop  (Standby) 

(Tape  motion  halted,  not  confused 
with  OFF) 

Group  (A,B,C,D) 

(Selects  pair  of  channels  for 
playback) 

Clock  (Ext,Int) 

(Selects  data  clock  (Ext.)  or 
Internal  Oscillator  for  speed' 
timing  reference) * 

Encoder 

(Primary  or  Secondary) 

*Not  commands ble  in  Landsat-D  operations. 

As  a result  of  these  modes,  and  also  the  power  off  mode,  there  are  20  NBTR 
operational  mode  transitions  which  are  shown  in  Figure  5.3-1  and  further 
discussed  in  Paragraph  5.3.5. 
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5.3.1  NBTR  POWE R UP 

After  the  application  of  power  and  in  the  absence  of  any  specific  command,  the 
recorder  will  be  in  the  following  configuration: 

Stop  Execute 

Erase  Off 

Fwd  Direction 

Primary  Encoder  (Note  1) 

Group  A 

NOTE  1:  In  the  event  the  primary  encoder  (motor  LED^s)  have  failed,  it  will  be 

necessary  to  send  a serial  magnitude  command  (3970^)  to  select  the 
secondary  encoders  each  time  the  NBTR  is  powered  up. 


No  specific  tape  speed  is  selected*  thus  any  value  may  appear.  The  tape  v?Ill 
remain  stationary. 

3.3.2  NBTR  RECORD  MODE 

Recording  will  be  only  accomplished  in  beginning  of  Tape  (EOT)  to  End  of  Tape 
(EOT)  Direction.  Commands  are  sent  to  configure  the  recorder  for  recording. 
The  8 Kbps  serial  telemetry  will  be  serial  to  parallel  converted  and  recorded  on 
two  channels  four  times  redundantly  filling  all  eight  tracks.  During  recording 
the  tape  speed  is  controlled  by  the  externally  supplied  data  input  clock’.  For 
Landsat-D  intermittent  recordings  will  be  made.  Under  these  conditions  each  now 
execute  command  will  cause  the  recorder  to  continue  the  recording  process  from 
its  stopped  location.  If  the  recorder  is  commanded  to  standby  or  PWR  OFF  or  if 
there  is  a power  loss,  then  a full  set  of  commands  will  be  necessary  to 
establish  the  desired  operating  mode.  The  RECORD  mode  automatically  invokes  the 
Erase  On  state. 

5.3.3  NBTR  PLAYBACK  MODE 

Playback  will  be  in  the  End  of  Tape  to  Beginning  of  Tape  direction.  Playback 
speed  can  be  commanded  from  two  speeds,  6 .693  ips  for  128  Kbps  or  13.386  ips  for 
256  Kbps  playback.  The  group  command  selects  the  pair  of  channels  to  be  played 
back  (group  A,B,C,D).  The  ERASE  function  is  automatically  OFF  and  tape  speed  Is 
controlled  by  comparison  of  off  tape  signal  to  an  intenaal  crystal  oscillator* 
Primary,  secondary  or  tertiary  BOT  sensors  stop^a^B  motion  at  the  end  of  the 
tape.  The  two  channels  selected  for  playback  areii^  and  de jittered  and 

combined  into  a single  output.  The  data  output  from  the  tape  recorder  during 
playback  is  reversed  in  time;  i.e.  data  recorded  110  will  be  played  back  as  Oil. 
A IX  clock  (128  KHz  or  256  KHz)  and  a 2X  clock  (256  KHZ  or  512  KHZ)  signal  will 
also  be  provided  as  output  to  the  PMP.  The  PLAYBACK  mede  automatically  Invokes 
the  Erase  Off  state. 
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5.3.4  NBTR  WIND  MODE 

The  tape  can  be  moved  in  BOT  to  EOT  or  EOT  to  BOT  direction  at  a rate  of  33  ips 
by  command.  The  EXECUTE  STOP  command  will  halt  tape  transport  at  any  point. 

5.3.5  NBTR  OPERATIONAL  MODE  TRANSITIONS 

Figure  5.3-1  depicts  the  20  transitions  between  the  operating  modes  which  are 
available  for  the  NBTR.  The  transitions  are  achieved  through  the  use  of  various 
combinations  of  Serial  Magnitude  (SM)  and  Discrete  Commands  (DC).  Table  5.3-1 
provides  the  sequence  of  commands  necessary  to  achieve  the  transition  desired. 
Selection  of  the  desired  NBTR  is  accomplished  by  selecting  the  appropriate  RIU-1 
channel  through  the  use  of  discrete  commands  or  addressing  channels  75  (for  NBTR 
1)  or  76  (for  NBTR-2)  for  the  SM  commands.  The  sequence  of  commands  shown  in 
Table  5.3-2  also  shows  the  data  portion  of  the  SM  commands > In  hexadecimal*  and 
the  discrete  commands  in  decimal  values. 
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TABLE  5.3-2  MODE  TRANSITION  SEQUENCES  - cont'd 


SVS-10266 


STANDBY  to  RECORD  Dr RECTI ON  FORWARD  3070  — © CONTINUES  UNTIL  EOT 

SPEED  0.418  ips  2E70  — OR  MODE  CHANGE 

RECORD  EXECUTE  5370 


TABLE  5.3-2  MODE  TRANSITION  SEQUENCES  - cont'd 
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To  illustrate  the  command  sequences  shown  in  Table  5.3-2,  transition  1,  going 
from  Off  to  Record,  uses  both  discrete  and  SM  commands.  Initially  discrete 
command  0160  v?ould  be  sent  to  RIU  01,  channel  60,  for  NBTR  1 Power  On.  If  ^BTR 
2 were  desired,  a DC  0159  would  be  sent  to  RIU  01,  channel  59.  The  actual 
command  format  for  these  commands  is  described  in  the  Data  Format  control  Book, 
Volume  III,  Command.  In  order  to  command  a forward  speed  of  0.418  ips,  it  would 
then  be  necessary  to  send  a SM  command  of  0175  to  select  the  proper  channel  for 
NBTR  1 (0176  for  NBTR  2)  followed  by  the  hexadecimal  value  of  2E7G.  The  final 
command  would  be  to  send  the  record  execute  SM  command  of  0175  (or  0175) 
followed  by  the  hexadecimal  value  of  5370. 

Figure  5.3-3  is  also  provided  to  aid  in  the  resolution  of  any  tape  speed  anomaly 
which  may  occur  after  a transition  to  the  record  or  playback  node.  As  shown,  a 
number  of  command  values  (provided  in  hexadecimal)  will  cause  either  erroneous 
or  desired  tape  speeds.  The  purpose  of  the  figure  is  not  to  substitute  alternate 
command  data  for  the  normal  commands,  but  to  aid  in  the  interpretation  of  tape 
speed  results,  should  an  anomaly  be  detected. 
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5.4  NBTR  CONSTRAINTS 

1.  Avoid  repeated  successive  motor  starts.  As  a guide,  consider  no  more 
than  5 STARTS  In  any  2 minutes. 

2.  If  the  recorder  is  at  EOT,  do  not  EXECUTE  commands  leading  to  forward 
tape  motion. 

3.  If  the  recorder  is  at  BOT,  do  not  execute  commands  leading  to  reverse 
tape  motion. 

4.  Tape  should  be  moved  end  to  end  during  ambient  temperature  excursions 
greater  than  15°C,  though  not  necessarily  in  one  reeling;  I.e.,  tape 
should  not  remain  on  either  reel  over  a IS^C  range. 

5.5  NBTR  REDUNDANCY/CROSS  STRAPPING 

Telemetry  data  storage  and  retrieval  is  provided  by  two  dedicated,  redundant 
tape  recorder  PM P pairs  (A  and  B). 
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5.6  NBTR  COMMANDS 

Each  of  the  Narrowband  Tape  Recorders  is  controlled  by  2 discrete  commands  and 
15  serial  commands. 

5.6.1  DISCRETE  COMMANDS 

The  discrete  commands  are  given  in  Table  5.6-1. 

Table  5.6-1.  Discrete  Command  List 


RID 

CHAN 

ACRONYM 

Command  Name 

i 

60 

.APWRQN 

NBTR  1 Power  ON 

1 

62 

APWROFF 

NBTR  1 Power  OFF  j 

1 

59 

BHvRON 

NBTR  2 Power  ON  i 

1 

61 

BFWROFF 

NBTR  2 Power  OFF  j 

A 1-second  (minimum)  delay  is  required  after  the  Power-ON  command  to  allow 
voltages  within  the  recorder  to  stabilize  prior  to  sending  serial  commands  to 
configure  the  recorder. 
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5.6.2  SERIAL  COMMANDS 

The  serial  commands  are  divided  into  two  categories: 

1 . Preparatory 

2.  Executing 


The  preparatory  commands  prepare  the  recorder  for  the  executing  command  that 
will  follow.  The  conditions  specified  by  the  preparatory  commands  do  not  take 
effect  until  an  executing  command  is  given.  The  preparatory  commands  determine 
the  following  conditions: 

1.  Direction  of  tape  motion 

2.  Speed  of  tape  motion 

3*  Which  playback  group  will  be  used  (for  playback  mode  only) 

4.  Which  motor  encoder  will  be  used 


The  serial  commands  are  given  in  Table  5.6-2,  with  acronyms  and  bit  patterns.* 

Serial  commands  for  NBTR1  are  addressed  to  RIU1 , Channel  5.  Serial  commands  for 
NBTR2  are  addressed  to  RIU  i,  Channel  6.  In  each  case,  a 7 indicates  a serial 
command.  Thus,  the  address  for  a serial  command  to  NBTR1  is  175,  and  for  NETR  2 
is  176. 
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Table  5 .6  *“2 . Serial  Command  List 


Command  Name 

Acronym 

Binary 

Hex 

Do  Nothing 

Note  1 

Kill 

xxxx 

— 

— 

! 

| Preparatory 
i 

Direction  Forward 

*FWD 

0011 

0000 

0111 

0000 

3070 

Direction  Reverse 

*XEV 

0011 

0001 

0111 

0000 

3170 

Select  Speed  22«0.418  ips 

*S22 

0010 

1110 

0111 

0000 

2E70 

Select  Speed  18®6.693  ips 

*S18 

0010 

1010 

0111 

0000 

2A70 

j Select  Speed  17«13.386  ips 

i 

*S17 

0010 

1001 

0111 

0000 

2970 

! Select  PB  Group  A 

*GRPA 

0100 

1000 

0111 

0000 

4370 

J Select  ?B  Group  B 

*GRPB 

0100 

1001 

0111 

0000 

4970 

! Select  PB  Group  C 

*GRPC 

0100 

1010 

0111 

0000 

4A70  ! 

! Select  PB  proup  D 

*GRPD 

01C0 

1011 

0111 

0000 

4B70  j 

l 

Select  Primary  Encoder 

*PEN 

0011 

1000 

0111 

0000 

3870 

Select  Secondary  Encoder 

*SEN 

0011 

1001 

0111 

0000 

3970 

1 1 
j Executing  I 

i 

| Stop  Execute  (Standby) 

*ST0PX 

0101 

0000 

0111 

0000 

5070 

Record  Execute 

*RECX 

0101 

0011 

0111 

0000 

5370 

Playback  Execute 

*PBX 

0101 

0100 

0111 

0000 

5470 

Wind  Execute 

*WINDX 

0101 

0101 

0111 

0000 

5570 

" 

*For  NBTR1 , insert  A.  For  NBTR2 , insert  B • 


NOTE  Is  The  Do  Nothing  command  is  X'tli  XXXX , where  the  X's  represent  '‘Don't 
Care'  b'ts.  The  recorders  will  ignore  that  command-  The  second  half  of 
each  16-bit  spacecraft  commend  in  Table  5.6-2  is  the  'Do  Nothing' 
command . 


The  recorders  can  accept  two  serial  commands  in  each  16-bit  spacecraft  command. 
It  is  possible,  for  example,  to  g'  a *FWD  and  *S22  in  the  same  command  as  binary 
0011  0000  0010  1110  (Hex  302E). 
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The  recorders  ignore  the  first  and  ninth  bit  of  each  16-bi.t  command'.  The 
example  above  can  be  written  X011  0000  X010  1110,  where  the  X's  indicate  'Don't 
Care'  bits-  In  Table  5.6-2,  the  f.Trst  and  ninth  bits  are  zeroes* 

Among  the  5 modes  of  recorder  operation  (OFF,  RECORD,  PIAYEACK,  WIND,  STANDBY), 
the  recorder  fcay  be  commanded  from  any  one  mode  to  any  other  mode. 

5.6.3  COMMAND  SEQUENCES 

Table  5.6-3  shows  the  sequence  of  commands  to  go  into  any  one  of  the  five  modes. 
If  the  recorder  is  already  ON,  it  is,  of  course,  not  necessary  to  turn  it  ON 
again.  However,  it  will  do  no  harm  to  give  the  ON  command  when  the  recorder  is 
already  ON.  Always,  there  should  be  a 1-second  delay  after  giving  the  ON  command 
prior  to  giving  any  other  recorder  command. 
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If  the  recorder  is  operating  in  a mods  that  uses  the  same  preparatory  command  as 
the  next  desired  mode,  it  is  not  necessary  to  give  that  preparatory  command 
again.  For  example,  if  the  recorder  is  in  the  RECORD  mode  and,  therefore  moving 
forward,  it  is  not  necessary  to  give  the  Forward  command  again  prior  to 
commanding  Wind,  as  long  as  power  remains  ON. 

At  initial  turn~ON  of  the  recorder,  and  prior  to  any  further  commanding,  the 
recorder  is  automatically  placed  into  the  following  configurations 

Direction  - FWD 

Speed  * No  specific  speed  - may  be  any  value 

PB  Group  - A 

Motor  Encoder  — Primary 

Execute  - Stop  (Standby) 


5.6.4  COMMAND  VERIFICATION 

Methods  of  command  verification  are  given  In  Table  5.6-4  which  lists  commands  by 
acronym,  their  prerequisite  commands,  complement  commands,  and  a reference 
paragraph  for  command  descriptions. 
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Table  5. A-4.  Command  Verification 


Command 

Reference 

Paragraph 

Prerequisite 

Complement 

Telemetry 

Verification 

Remarks 

*PWRON 

5. 6. 5.1 

*PWROFF 

*SYNC1 

Bit  0-1 

*PWROFF 

5. 6. 5.1 

*PWR0N 

*SYNC1 

Bit  0-0 

*FWD 

5. 6. 5. 2 

*PWRON 

*REV 

*DIRCD»0 

After  *FWD 

*TPDIR-0 

After  Execute 

*REV 

5. 6. 5. 2 

*PWRON 

*FWD 

*DIRCD“1 

After  *REV 

*TPDIR»1 

After  Execute 

*S22 

5. 6. 5. 3 

*PWRON 

*S18 

*IPS«01110 

*S17 

*S18 

5 .6.5.3 

*PWRON 

*S22 

*IP3»01010 

*S17 

*S17 

5. 6. 5. 3 

*PWRON 

*S22 

*IPS»10010 

*S13 

*GRPA 

5. 6. 5. 4 

*PWRON 

*GRPS 

*PBGRP«00 

After  *GRPA 

*GRPC 

*POGPJP=00 

After  *PBX 

*GRPD 

*GR.PB 

5. 6. 5. 4 

*PWRON 

*CRPA 

^PBGRP^IO 

After  *GRPB 

*GRPC 

*CPGRP°0L 

After  *?BX  1 

*GRPD 

1 

| 

*GRPC 

5 .6 .5  -4 

*PWRON 

*GRPA 

*PBGRP*»01 

After  *GRPC  | 

*GRPB 

*P0GRP“10 

After  *PBX 

*GRPD 

*GRPD 

5. 6 .5. 4 

*PWRON 

*GRPA 

*P3GRP-11 

After  *GRPD 

t 

*GRPB 

*OPGRP-ll 

After  *PBX  j 

1 

i 

*GRPC 

*PEN 

5. 6, 5. 5 

*PWRON 

*SEM 

*ENCOD»0 

1 

j 

*SEN 

5 .6 .5  .5 

*PWRON 

*PEN 

*ENCOD-l 

1 

*STOPX 

5. 6,5*6 

*PWR0N 

*RECX 

*MODE»000 

1 

1 

NOTE  1 

*PBX 

| 

* WINDX 

1 

1 

*RECX 

5 *6 .5 .6 

*PWRON 

*STOPX 

*M0DE«1.10 

1 

NOTE  1 

*PBX 

t 

j 

* WINDX 

1 

*PBX 

5-6. 5. 6 

*PWRON 

*STOPX 

NODE-001 

i 

1 

NOTE  1 

*RECX 

1 

I 

*WINUX 

l 

I 

j WINDX 

5 .6 .5 .6 

*PWRON 

*STOPX 

*K0DE«*101 

! 

I 

NOTE  1 

*RECX 

1 

*PBX 
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*NBTR  1 commands  begin  with  A*  HBTR  2 with  B. 

NBTR  1 telemetry  begins  with  N1 ; HBTR  2 with  M2* 

NOTE  1:  The  appropriate  preparatory  commands  of  Table  5. 6-3  are  prerequisite. 


5.6.5  COMMAND  DESCRIPTIONS 

This  sectiun  provides  descriptions  of  the  command  functions  using  the  acronyms 
in  Tables  5.6--1  and  5.6-2.  All  NBTR  commands  are  addressed  to  RIU  1 (A  or  £)* 

The  asterisk  at  the  beginning  of  the  command  acronyms  is  the  designation  of  the 
recorder;  use  A for  NBTRl  and  B for  NBTR2. 

Functional  schematics  are  provided  as  an  aid  to  understanding  the  command 
interface.  Exact  circuit  details  are  defined  by  drawing®  elsewhere. 

5. 6*5.1  *PWRON 
* PWROFF 


The  power  ON  and  power  OFF  discrete  commands  control  a latching  relay  it  the 
Electronics  unit  to  switch  primary  28  volts  to  the  recorder  DC/ DC  converter,  as 
shown  in  Figure  5.6-1*  A 1-second  delay  should  follow  the  *PWRON  commands. 

5. 6. 5. 2 *Fvfl> 

*REV 

These  two  serial  commands  are  preparatory,  and  control  the  direction  of  the  tape 
motion.  *FWD  results  in  tape  motion  toward  EOT.  *REV  results  in  tape  motion 
toward  BOX.  Reference  Figure  5.6-2 • 

5. 6. 5. 3 *5.22 
*313 
*S  17 


These  three  serial  commands  are  preparatory,  and  control  the  speed  of  ^ape 
motion.  *S22  must  be  used  for  recording;  *S18  must  be  used  for  playback  at  128 
kbps;  *S17  must  be  used  for  playback  at  256  kbps.  Reference  Figure  5.6-2. 

5. 6.5*4  *GRFA 
*GRPB 
*GRPC 
*GRPD 

These  four  serial  commands  are  preparatory,  and  selection  is  required  prior  to  a 
playback  execute  command.  They  each  select  a pair  of  tracks  to  be  used  durirg 
playback.  Reference  Figure  5.6-2. 
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5.6. 5. 5 *PEN 
fSEN 

These  two  serial  commands  are  preparatory,  and  select  either  the  primary  or 
secondary  encoder  for  driving  the  capstan  motor.  The  encoders  control  the 
commutation  for  the  3-phase  4-pole  brushless  capstan  motor.  Selection  must  be 
made  prior  to  an  execute  command.  Reference  Figure  5.6-2. 

5. 6. 5. 6 *ST0PX 
*R2CX 
*PBX 
*WINDX 

Each  of  these  four  execute  serial  commands  is  a final  command,  required  to  place 
the  recorder  into  a particular  mode  of  operation.  Prior  to  any  of  these 
commands,  the  recorder  must  have  been  turned  OH  and  given  the  proper  preparatory 
commands,  as  shown  in  Table  5.6-3,  Command  Sequences.  Reference  Figure  5.6-2. 

5.6.6  OPERATING  RESTRAINTS 
5. 6. 6.1  Command  Restraints 

1.  There  is  no  restraint  on  command  sequencing;  that  is,  the  recorder  may 
be  commanded  directly  from  any  mode  to  any  other  mode. 

2.  Avoid  repeated  successive  motor  starts,  As  a guide,  consider  no  more 
than  5 starts  in  any  2 minutes* 

3.  If  the  recorder  is  at  ECT,  do  not  execute  commands  leading  to  forward 
tape  motion. 

4.  If  the  recorder  is  at  BOT,  do  not  execute  commands  leading  to  reverse 
tape  motion. 

5.  Continuous  operation  of  the  recorder,  especially  at  high  ambient 
temperatures  might  cause  the  internal  TU  temperature  to  exceed  the 
specified  40°C  limit.  This  condition  should  not  be  allowed  to  occur. 

6.  The  BOT/EOT  sensors  are  triply  redundant  using  digital  sensing  as 
primary,  detection  of  tape  windows  as  secondary  and  a mechanical  brake 
as  tertiary.  All  sensors  outputs  are  presented  as  separate  telemetry 
data.  If  either  the  secondary  or  tertiary  sensors  have  ever  been 
actuated,  the  recorder  should  not  be  turned  on  until  a failure  or 
command  sequence  analysis  has  been  completed.  If  the  tertiary  BOT  or 
EOT  sensor  has  been  activated,  either  of  the  following  actions  has 
occurred; 
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a*  Command  Sequence  and  tape  position  are  such  that  BOX  or  EOT 

primary  and  secondary  sensors  have  been  "walked  through" • 

b.  A failure  has  occurred  in  the  primary  and  secondary  BOX  or  EOT 

circuits . 

7.  Tape  should  be  moved  end  to  end  during  ambient  temperature  excursions 

greater  than  15°C,  though  not  necessarily  in  one  reeling;  i.e*,  tape 

should  not  remain  on  either  reel  over  a 15°C  range. 

8.  Tape  should  be  reeled  end  to  end  (continuously)  and  set  at  end-of-tape 
prior  to  moving  the  spacecraft  and  prior  to  vibration. 

9.  The  recorder  shall  not  be  exposed  to  primary  supply  voltages  between  1 

and  18  volts,  except  at  power-ON/QFF.  This  voltage  range  is  outside 
specification  and  may  result  in  damage  to  the  recorder.  If  this 

occurs,  turn  off  the  recorder  as  soon  as  possible. 

10.  Avoid  interruptions  in  primary  power  in  the  range  of  0.5  to  200  ms. 
If  this  occurs,  turn  off  the  recorder  as  soon  as  possible. 

11.  An  interruption  of  the  external  clock  signal  in  excess  of  0.5  seconds 

may  cause  the  motor  to  stop.  A Stop  Execute,  followed  by  any  other 

appropriate  commands,  will  then  restart  the  motor* 

12.  The  temperature  limits,  as  measured  by  the  recorder  internal  sensors r 
are  to  not  exceed  the  limits  given  in  Table  5.6-5. 

13.  All  recorders  should  be  reeled  end-to-end  (continuously)  prior  to 

setting  launch  mode.  Recorders  should  be  positioned  at  end -of- tape 
when  launched  in  a power  OFF  mode.  It  can  be  positioned  anywhere  when 
launched  while  making  a recording. 

14.  Following  launch  and  injection  into  orbit,  each  of  the  recorders  shall 
be  given  commands  to  effect  the  following  sequence: 

a.  Command  recorder  to  Wind  to  B0T,  then  to  EOT. 

b.  Command  recorder  to  Wind  or  Play  to  EOT. 

c.  Commence  normal  orbit  use. 

The  objects  of  the  sequence  are: 

l)  Recover  data  recorded  prior  to  launch  and/or  during  launch. 
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2)  Reel  t he  recorders  *m1~to-*nd  to  achieve  optimum  tap©  stacking 
prior  to  orbital  us© . 

15*  If  ,i  record© r la  to  bo  limited  for  periods  in  exc»M  of  on©  week  in  orbit* 
the  following  shall  apply; 

a.  Move  tap©  to  EOT. 

b.  Record  and  Playback  end-to-end  every  three  months. 

lev.  Tap.  uao  shall  b.  raanagail  to  provide  relatively  uniform  distribution  of 
tape  wear. 


Table  5. 0-5.  Temperature  limits 


Safe  Operating  Safe  Storage 

Program  Phase  Temperature  (°C)  Temperature  (°C) 

, — y - ’ " ■ jf(T  ~ VT 


Spacecraft  Teat 

i 

0 t o 4*40 

0 to  +40 

-10 

t O 4*4  5 

0 to 

t 

440 

i 

launch  j 

0 to  440 

0 to  +40 

- 

- 

i 

Orbit  ; 

! 

0 to  +40 

0 t o +7v5 

-10 

t o *44  5 

0 to 

) 

i.  Since  the  KV  temperature  la  sensed  on  the  heatsink 

transistor  of  the  energy  pump*  a temperature  rise  of 
be  experienced  at  this  point  whenever  the  recorder  is 

of  the  power 
J0  to  40°C  will 
in  an  ON  state. 

s . : NJtrjt  Te  l emetjrv 

The  NR  t R t e l era© t t v cons t s t a of  ^4  ana  log  t e tern©  t rv  po 1 nt a , and  aerial  digital 
t e 1 erne  t r y mo n 1 1 o r l n g 1 o t unc t i o ns  for  © ac h o i t he  t w.o  r ecordei a . 

E a c h r e.c o r d e r e o n t a i u a t v o ana l o g mu  1 1 i p 1 © x© re  , ear h o f w 1 1 i c h mu 1 1 1 p 1 © x © $ In 
a na  t og  tel  erne  t rv  si  gna  1 a * The  recorder  also  c on  t a ins  a d i g 1 1 a l ant  It  ip  lexer  , 
which  multiplexes  the  digital  data  into  8 words  of  8 bits  each. 

Total  Record©  r On  r t*  e n t a nd  Recorder  S e r .v  o K r r o r are  © a c h a v a liable  as  no  n~ 
ault  ipleve.d  analog  signals.. 
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5 .7*1  TELEMETRY  FORMAT  LOCATIONS 

The  1 oca cions  of  the  Tape  Recorder  telemetry  points  in  the  Mission  Format  and  in 
the  Engineering  Format  are  given  in  Figure  5.7-1*  All  of  the  telemetry  points 
for  both  recorders  are  available  iu  the  Mission  Format*  In  the  Engineering 
Format,  Analog  Multiplexer  #2  and  Recorder  Total  Current  are  omitted  because  of 
format  space  limitations* 

In  each  format,  each  analog  mux  is  completely  sampled  8 times  during  a major 
frame  as  shown  by  the  numbers  1 through  8 to  the  left  of  column  79  of  the 
Mission  Format,  Figure  5.7-1.  Similarly,  each  digital  mux  is  completely  sampled 
16  times  during  a major  frame  as  shown  by  the  numbers  1 through  16  to  the  right 
of  column  12* 

Total  Recorder  Current  and  Servo  Error  are  each  sampled  once  in  each  minor 
frame . 


5.7.2  ANALOG  AND  DIGITAL  MULTIPLEXING 

A list  of  the  analog  telemetry  points  contained  in  each  analog  multiplexer  is 
given  in  Table  5.7-1*  Digital  telemetry  is  multiplexed  to  eight  (8)  words  as 
shown  in  Figure  5.7-2. 

The  internal  analog  and  digital  multiplexing  circuits  of  the  recorder  are  shown 
in  Figure  5.7-3.  The  major  frame  sync  pulse  will  set  the  4-Bit  address  counter 
to  the  1111  state,  after  which  the  first  telemetry  gate  enable  pulse  will 
advance  the  address  counter  to  the  DODD  state. 

A list  of  all  digital  and  analog  telemetry  points  is  given  in  Table  5.7-2. 

5.7.J  DIGITAL  TELEMETRY 

Each  digital  telemetry  monitor  is  described  in  the  following  paragraphs. 
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5. 7.3*1 


Tape  Speed  , Selected 


Five  bits  (bits  SO  to  $4)  of  Word  2 indicate  the  tape  ©peed  selected  by  the  last 
speef*  command*  The  telemetry  bits  for  each  of  the  four  (4)  allowed  speeds  of 
Lsndsat-D  are  shown  below. 


1 

1 

Tape  Speed 

Telemetry  Bits 

Mode 

( inches/secoud ) 

SO  SI  S2  S3  S4 

Record 

0.418 

0 

1 

1 

1 

0 

P3  128 

KBPS 

6.693 

0 

l 

0 

1 

0 

PB  256 

KBPS 

13.386 

1 

0 

0 

1 

0 

Mind 

33 

See 

Note  : 

Below 

NOTE:  Since  no  new  speed  is  commanded  when  entering  the  Wind  mode,  the  speed 

telemetry  bits  continue  to  indicate  the  speed  that  had  been  commanded 
for  the  previous  mode. 


.5 .7 . 3 .2  Tape  Direction,  Selected 

One  bit  (bit  S5)  of  Word  2 inui  ..  the  tape  direction  selected  by  the  last 
direction  command.  A logic  1 indicates^  reverse  (EOT  to  BOX)  direction;  logic  G 
indicates  forward  (EOT  to  EOT)  direction.  , 

5»7«3*3  Servo  Encoder,  Selected 

One  bit  (bit  SO)  of  Word  3 indicates  the  servo  encoder  selected.  Logic  0 
indicates  primary  encoder;  logic  I indicates  secondary  encoder.  The  selection 
determines  which  set  of  LED/photo  transistors  is  used  for  motor  commutation. 
Figure  5.7-4  and  5.7-5  show  the  arrangement  of  LED"s  and  phototransistors  in 
forming  the  commutator. 
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RATE-SENSING 

(TACHOMETER) 

LEDS 


4 LEDS 
(1  OF  TWO 
ARRAYS) 


RETICLE 


NOTE:  THERE  IS  A PASSIVE 

HYSTERESIS  BRAKE. 


PHOTO 
TRANSISTOR 
(1  OF  TWO 
\ ARRAYS) 

I 4-POLE  3 i 
DELTA-WOUND 
BRUSHLESS 
MOTOR 
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5.7 .3.4  PB  Group,  Selected 

Two  bits  (bits  SA  and  S5)  of  Word  3 indicate  which  group  (pair)  of  tracks  has 
been  selected  for  data  recovery  during  playback. 


Group 

Tracks 

Used 

Telemetry  Bits 
S4  55 

A 

1,2 

0 

i 

0 

B 

3,4 

1 

0 

i 

5,6 

0 

1 

l 

! D 

7,8 

1 

1 

The  bits  will  change  immediately  after  a group  select  (intermediate)  command  is 
received . 


5. 7. 3. 5 Operating  Mode 

Three  bits  (bits  SO  to  S2)  of  Word  5 indicate  the  recorder  present  operating 
mode,  as  shown  in  the  table  below: 


Mode 

Telemetry  Bits 

SO 

SI 

S2 

i 

Stop 

0 

0 

0 

! Record 

1 

1 

0 

J Playback 

i 

0 

0 

1 

| Wind 

i 

1 

0 

1 

SVS-10266 

C'wG'NAL  PAGE  IS  31  December  1981 

OF  POOR  QUALITY 

If  the  recorder  reaches  EOT  or  BOT  during  record,  playback,  or  wind,  the 
recorder  will  revert  to  standby  (stop)  and  the  bits  will  go  to  all  zeros. 

Bits  will  change  to  indicate  the  operating  mode  only  after  the  appropriate 
execute  command  has  been  received* 

5.7. 3. 6 Tape  Direction,  Operating 

One  bit  (bit  S3)  of  Word  5 indicates  the  present  operating  mode.  A logic  0 
indicates  forward  (EOT  to  EOT);  a logic  1 indicates  reverse  (EOT  to  BOT). 

If  the  recorder  reaches  BOT  or  EOT,  the  bit  will  remain  in  its  current  state. 

The  bit  is  unaffected  by  a select  direction  command  and  changes  only  after  an 
execute  command. 

5. 7. 3. 7 Operating  Group 

Two  bits  (bits  S4  and  S.5)  of  Word  5 indicate  the  current  operating  group  as 
follows: 


Group 

} 

Tracks 

Used 

Telemetry  Bits 

S4 

S5 

i 

| A 

1,2 

0 

0 

i 

; b 

3,4 

0 

1 

c 

5,6 

1 

0 

D 

7,8 

1 

1 

If  the  recorder  reaches  EOT  or  BOT,  the  bits  will  not  change. 

The  bits  are  unaffected  by  a select  group  (intermediate)  command,  but  change 
only  following  an  execute  command* 
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5 *7 .3*8  Tertiary  BOT 

One  bit  (bit  SO)  of  Word  6 indicates  the  state  of  the  tertiary  EOT  microswitch-  . 7. v 
A logic  1 indicates  the  switch  is  closed  and  the  recorder,  is  at  tertiary  BOT.  A 
logic  0 indicates  the  swtich  is  open  and  the  recorder  is  not  at  tertiary  BOX. 
Figure  5*7-6  shows  the  layout  of  the  tertiary  microswitch  and  brake. 

5.7 .3.9  Tertiary  EOT 

One  bit  (bit  SI)  of  Word. 6 indicates  the  state  of  the  tertiary  EOT  microswitch. 

A logic  1 indicates  the  switch  is  closed  and  the  recorder  is  at  tertiary  EOT.  A 
logic  0 indicates  the  switch  is  open  and  the  recorder  is  not  at  tertiary  EOT. 
Figure  5.7-6  shows  the  layout  of  the  tertiary  microswitch  and  brake. 


) 


LSD-wpc-ae! 


SVS-10266 
31  December  1981 


FIGURE  5.7-6  LAYOUT  OF  TAPE  DRIVE,  MONITORING  AND  BRAKING 


SVS-10266 
31  December  1981 


oa.OiNAL  PAGE  IS 

OF  POOR  QUALITY 

5.7,3.10  Servo  Lock 


One  bit  (bit  S2)  of  Word  6 indicates  the  lock  state  of  the  servo  phase  locked 
loop  which  compares  the  capstan  tachometer  pulses  to  the  Input  clock  during 
RECORD.  During  playback,  the  clock  derived  from  the  playback  output  signal  is 
compared  to  an  internal  crystal  oscillator. 

A logic  1 indicates  that  the  servo  PLL  is  locked,  and  tape  is  moving  at  the 
correct  speed.  A logic  0 indicates  that  the  servo  PLL  is  not  locked,  and  tape 
is  therefore  not  moving  at  the  synchronous  speed. 

5.7.3.11  Secondary  BOT 

One  bit  (bit  $4)  of  Word  6 indicates  the  state  of  the  secondary  BOT  sensor 
(phototranslstor).  A logic  1 indicates  that  the  sensor  is  Illuminated.  A logic 
0 indicates  that  the  sensor  is  not  illuminated.  Since  the  sensor  is  illuminated 
for  only  a short  time  (several  micro-seconds ) it  is  likely  that  it  won't  be 
observed  at  secondary  BOT.  Figure  5.7-6  shows  the  location  of  the  secondary  BOX 
sensor. 


5 .7 *3 . 12  Secondary  EOT 

One  bit  (bit  S 5 ) of  Word  6 indicates  the  state  of  the  secondary  EOT  sensor 
(phototransistor) . A logic  1 indicates  that  the  sensor  is  illuminated.  A logic 
0 indicates  that  the  sensor  is  not  illuminated.  Since  the  sensor  is  illuminated 
for  only  a short  time  (several  microseconds),  it  is  likely  that  it  won't  be 
observed  at  secondary  EOT.  Figure  5.7-6  shows  the  layout  of  the  secondary  EOT 
sensor. 

5.7.3.13  Primary  BOT 

One  bit  (bit  S6)  of  Word  6 indicates  the  state  of  the  primary  BOT  sensor 
(capstan  tachometer  pulses  per  one  lower  reel  rotation).  A logic  1 indicates 
that  the  number  of  capstan  tachometer  pulses  fell  below  a preset  number  on  three 
successive  rotations  of  the  lower  reel,  and  that  the  tape  is  therefore  at  BOX. 

A logic  0 indicates  that  the  tape  is  not  at  BOT.  See  Figure  5.7-7* 

5.7.3.14  Primary  EOT 

One  bit  (bit  S7)  of  Word  6 indicates  the  state  of  the  primary  EOT  sensor 
(capstan  tachometer  pulses  per  one  lower  reel  rotation).  A logic  1 indicates 
that  the  number  of  capstan  tachometer  pulses  exceeded  a preset  number  on  three 
successive  rotations  of  the  lower  reel,  and  that  the  tape  is  therefore  at  EOT. 

A logic  0 indicates  that  the  tape  is  not  at  EOT.  See  Figure  5.7-7. 
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5 . 7 .3 . 15  Tape  Position 

Eight  bits  (bits  SO-7)  of  Word  7 indicate  the  tape  position*  Preset  values  of 
69  and  180  indicate  EOT  and  EOT  respectively.  Between  these  two  values.  111 
counts  is  equivalent  to  255  minutes  of  RECORD,  or  typically  2.3  minutes  per 
count.  The  first  bit  (SO)  represents  the  LSB. 

5.7.3.16  Sync  Bits  and  Unused  Bits,  Power  ON/OFF 

Of  a possible  64  bits  (8  words  X 8 bits  per  word),  30  bits  are  used  actively  for 
the  telemetry  points  described  in  the  preceding  paragraphs  and  34  bits  are  fixed 
bits  labeled  either  as  sync  bits  or  as  unused  bits.  The  first  bit  of  the  first 
word  of  the  digital  dux  is  used  as  an  indication  of  recorder  power  ON  (logic  1). 

5.7.4  ANALOG  TELEMETRY 

Each  analog  telemetry  monitor  is  described  in  the  following  paragraphs. 

5.7 .4.1  TO  Pressure 

Transport  Unit  pressure  is  measured  by  a sensor  placed  under  the  motor  board. 

The  sensor  consists  of  a diaphragm  separating  an  enclosed  evacuated  chamber  from 
\)  the  atmosphere  of  the  (sealed)  transport  unit.  The  diaphragm  moves  the  arm  of  a 

potentiometer  in  response  to  the  differential  pressure  between  the  transport  and 
the  evacuated  chamber.  The  pressure  monitor  is  valid  only  during  playback. 

5.7.4  .2  Motor  Speed 

Motor  speed  telemetry  is  derived  from  the  capstan  tachometer.  the  telemetry 
voltage  Is  linear  with  respect  to  the  motor  speed. 

Typical  Values: 
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Motor  current  telemetry  Is  derived  from  the  voltage  drop  across  a resistor  in 
series  with  the  motor  winding  circuit.  The  current  is  relatively  constant  (5.1 
volts)  for  tape  speeds  above  2 inches  per  second. 


5. 7. 4. 4 Tachometer  Sensor  (Primary  and  Secondary) 

The  output  of  the  capstan  tachometer  phototransistor  is  monitored  to  assess  the 
operating  state  of  the  tachometer  sensors.  The  phototransistor  receives  light 
from  the  LED,  through  the  encoder  disc  outer  track  of  2600  line  pairs,  as  shown 
in  Figure  5.7-4. 

The  analog  output  voltage  is  inversely  proportional  to  the  capstan  speed. 
Typical  output  values  are; 


Recorder  Mode 

Tape  Speed 
IPS 

Tachometer 
Sensor  (volts) 

Record 

0.418 

2.6 

PB  128  KBPS 

6.693 

2.2 

PB  256  KBPS 

13.386 

1.6 

Wind 

33 

0.1 

5 .7 .4 .5  *5  Volt  Power 

*f5  Volt  Power  telemetry  is  derived  from  measurement  of  the  direct  output  of  the 
*f5  volt  secondary  voltage  supply. 

The  telemetry  is  linear  with  respect  to  supply  voltage,  and  is  5.0  volts  for  a 
supply  output  of  5 volts,  and  0 telemetry  volts  for  0 supply  volts. 

5 . 7 . 4 . 6 SEOT  , SQBT  Sensors 

The  SEOT  and  SBOT  sensors  are  phototransistors , which  receive  light  from  LED's 
through  tape  windows  (cleared  portions  of  the  tape)  at  BGT  and  EOT.  The  sensors 
normally  receive  no  light  and  the  telemetry  is  normally  at  0 to  0.7  volts.  At 
EOT  or  BOT  there  is  a short  (5  millisecond)  pulse. 
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5 .7  .4.7  Reel  Sensor , Primary  and  Redundant 

The  reel  sensors  are  contributors  to  both  the  Primary  BOT/EOT  sensing  and  to  the 
tape  position  indicators,  as  shown  in  Figure  5.7-7.  The  tab  on  the  lower  reel 
of  the  recorder  interrupts  the  flow  of  light  between  the  LED  and  phototransistor 
of  each  of  two  redundant  sensor  pairs,  located  to  the  right  of  the  reels  in 
Figure  5.7-6* 

The  reel  sensor  telemetry  represents  the  current  in  the  phototransistor  and  is 
typically  5 volts  except  when  the  tab  interrupts  the  light  from  the  LED,  when  it 
falls  to  near  zero  volts. 

5. 7. 4. 8 Encoder  Sensor;  #1,  #2,  #3  Primary  and  #1,  #2,  #3  Secondary 

The  encoder  disc  attached  to  the  motor  and  capstan  contains  commutator  tracks 
(Figure  5.7-4)  that  interrupt  the  light  flow  from  6 LED's  to  6 pho tot  cans is tors • 
The  signals  from  the  phototransistors  (signals  A,  B,  C of  Figure  5.7-5 ) are  used 
to  control  the  excitation  of  the  3 phase  motor* 

The  encoder  sensor  telemetry  represents  the  currents  in  the  6 phototransistors, 
and  is  the  average  of  the  lighted/not  lighted  values.  At  low  tape  speeds, 

) ripple  voltages  become  apparent-  The  normal  average  voltage  is  2*5  volts  at 

high  speeds  to  3.0  volts  at  low  speeds. 

5*7. 4. 9 Playback  Voltage,  Channels  1 through  8 

The  playback  voltage  telemetry  is  derived  from  the  peak-detected  analog  playback 
signal,  conditioned  to  the  telemetry  voltage  range.  The  telemetry  voltage  ' 

ranges  from  0.4  volts  to  2.0  volts. 

5.7 .4.10  EU  Temperature 

ETJ  temperature  is  derived  from  a thermistor  mounted  at  the  power  transistor  in 
the  power  supply. 

5.7 .4.11  TU  Temperature 

TU  temperature  is  derived  from  a thermistor  mounted  on  the  top  of  the  tape  deck 
near  the  record/playback  head. 

5*7.4.12  Ground 


The  ground  telemetry  supplies  a 0 volt  analog  signal,  ana  should  therefore 
result  in  a zero  volt  signal  in  ground  processing. 
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5.7*4.13  Power  Supply  Voltage,  -6,  -"12,  4-15,  4i2,  anJ  +5  Volts 

These  telemetry  points  are  the  outputs  of  the  secondary  supplies,  conditioned  to 
the  telemetry  range. 

The  typical  telemetry  voltage  for  the  nominal,  nominal  -hi  volt,  and  nominal  -1 
volt  output  voltage  are  given  below. 


-6  V 

-12  V 

+1.5  V 

+12  V 

+5  V 

Nominal  4*1  V 

(-5)  3.2 

(-11)  2.4 

(+16)  3.75 

(+13)  3.4 

(+6)  3.0 

Nominal 

(-6)  2.2 

(-12)  1.4 

(+15)  3.5 

(+12)  3.1 

(+5)  2.5 

Nominal  -1  V 

(-7)  1.2 

(-13)  0.4 

(+14)  3.25 

(+11)  2.3 

(+4)  2.0 

5.7.4.14  Servo  Error 

An  analog  signal  is  derived  from  within  the  servo  loop  that  can  be  used  to 
assess  the  health  of  the  servo  system.  The  servo  error  signal  is  a function  of 
motor  speed  and  varies  from  nominal  depending  on  parameters  such  as  bearing 
friction,  tape  tension,  etc.  Typical  values  are  shown  below: 


Recorder  Mode 

Tape  Speed 
IPS 

Telemetry 

Volts 

— i 

Record 

0.418 

0.7 

PB  128  KBPS 

6.693 

1.3 

PB  256  KBPS 

13.336 

1.7 

Wind 

33 

3.7 

1 
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5.7.4.15  Recorder  Total  Current 

An  analog  s.ignal  is  derived  by  measuring  the  voltage  developed  across  a 0-1 
resistor  in  series  with  the  return  of  the  primary  voltage  input  to  the  recorder. 
The  voltage  is  conditioned  to  telemetry  range  by  a CA3130  amplifier,  which  is 
powered  continuously  by  primary  input  voltage. 

Typical  operating  values  are  shown  below: 


Mode 

Inpy z Current 
(Amps  ) 

Telemetry 

(Volts) 

Standby 

.085 

0.7 

Record 

.429 

2.9 

Playback 

.7o8 

5.2 

Wind 

.429 

2.9 

) 

5.7.5  TELEMETRY  INTERFACE  CIRCUITS 


The  interface  circuits  for  the  multiplexed  analog  telemetry  as  shown  in  Figure 
5.7-8. 
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The  non-mult iplexed  analog  telemetry  interface  circuit  for  the  servo  error  is 
shown  in  Figure  5.7-9. 

The  interface  circuits  for  the  multiplexed  digital  telemetry  are  shown  in  Figure 
5 .7-10. 

The  non-mult iplexed  rnalog  telemetry  interface  circuit  for  the  recorder  input 
current  is  shown  in  Figure  5.7-11. 

5.7.6  ANALOG  TELEMETRY  CALIBRATION 

For  information  regarding  calibration  curves  for  the  telemetered  functions,  see 
Appendix  A. 5. 
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FIGURE  5.7-8  MULTIPLEXED  ANALOG  TELEMETRY  INTERFACE 
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FIGURE  5.7-9 


DETAILS  CF  SERVO  ERROR  TELEMETRY 
OUTPUT  CIRCUITRY  . 


5-54 


SVS-10266 
31  December  1981 


ORIGINAL  PAGE  FS 
OF  POOR  QUALITY 

J*3 

CQUNC-cTOR 


FIGURE  5.7-10  DETAILS  OF  DIGITAL  TELEMETRY  INTERFACE 
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The  On-Board  Computer  (OBC),  NASA  Standard  Spacecraft  Computer  (NSSC-1) , is  a 
component  of  the  C&DH  subsystem.  The  NS SC-1  used  on  the  miltimission  modular 
spacecraft  is  a general  purpose  programmable  digital  computer  utilizing  an 
18-bit  word.  The  Central  Processor  Module  (CPM) , contains  a conventional  CPU, 
(Central  Processing  Unit),  two's  complement  arithmetic  and  an  Input-Output  with 
16  Direct  Memory  Access  (DMA)  channels  and  16  priority  interrupts.  The  CPU  Is  a 
double  length  accumulator,  single  index  register  type  with  55  single  word 
instructions. 

The  OBC  memory  is  made  up  of  eight  memories  and  each  memory  is  divided  into  two 
banks  of  4096  18-bit  words.  There  are  16  memory  banks  numbered  0-15. 

The  OBC  flight  executive  technical  description  Is  in  S-700-5,  MMS  Fxight 
Executive  User's  Guide. 

6.1  OBC  STINT  FUNCTIONAL  DESCRIPTION 

The  On  Board  Computer  performs  the  following  functions: 

1.  Performs  on-board  computations 

2.  Provides  realtime  control  for  Landsat-D  subsystems. 

3.  Stores  commands  for  subsystems  and  executes  them  at  specified  times. 

4.  Performs  telemetry  formatting. 

The  STINT  (STACC  Interface)  provides  all  communications  to  and  from  the  OBC. 

Figure  6.1-1  shows  a block  diagram  of  the  STINT  OBC  configuration  used  aboard 
Landsat-D.  The  OBC  is  defined  to  be  the  redundant  CPMs  (Central  Processor 
Modules)  and  eight  memories.  Four  memories  are  accessed  by  the  LONER  MEMORY  BUS 
and  four  are  accessed  by  the  UPPER  MEMORY  BUS.  Either  CPM  can  access  memory 
on  either  memory  bus.  The  Landsat-D  flight  software  requires  the  use  of  all 
eight  memories. 
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Figure  6.1-1.  STACC  STINT  - OBC  Block  Diagram 
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STINT  A and  CPM  A are  dedicated,  and  are  powered  by  dedicate  Power  Supply  A. 
STINT  B and  CPM  B are  dedicated,  and  are  powered  by  dedicated  Power  Supply  B. 
The  STINT  CPM  pair  is  selected  by  commanding  ON  the  appropriate  power  supply. 

Power  Supply  A or  Power  Supply  B must  not  be  commanded  ON  without  first 
commanding  the  other  power  supply  OFF. 

The  C&DH  Power  Control  Unit  (PCU)  contains  the  power  supplies,  the  1.8  MHz  OBC 
clocks  and  the  power  clear  modules.  The  PCU  contains  redundant  1.8  MHz  Xtal 
oscillators  and  redundant  power  clear  modules.  Oscillator  A is  dedicated  to 
STINT  OBC  A,  and  oscillator  B is  dedicated  to  STINT  OBC  B.  Power  clear  A Is 
dedicated  to  STINT  A,  and  power  clear  B is  dedicated  to  STINT  B. 

6.1.1  OBC  STINT  POWER  SUPPLIES 

Figure  6.1-2  shows  the  power  distribution  to  the  STINT  OBC  and  the  ACRONYM  for 
the  commands  that  select  the  options.  Power  supply  A is  dedicated  to  1.8  MHz 
oscillator  A,  Power  Clear  A,  Computer  Failure  Detector  A,  STINT  A and  CPM  A. 
Power  Supply  B is  dedicated  to  same  units  on  the  ,#BM  side.  The  A or  B side  is 
selected  by  turning  on  the  corresponding  power  supply. 

The  Landsat-D  flight  software  uses  the  complete  eight  memories  and  the  memory  is 
not  redundant.  The  two  memory  po^r  select  switches  must  be  set  to  power  the 
memory  from  the  power  supply  that.  will  be  turned  ON. 

6 -1.1.1  Power  Clear  Unit 


The  PCU  contains  redundant  power  clear  circuits.  Power  Clear  A is  dedicated  to 
Power  Supply  A and  Power  Clear  B is  dedicated  to  Power  Supply  B.  The  Power 
Clear  circuit  is  used  to  send  the  halt  signal  to  the  OBC  via  the  STINT.  And 
when  the  signal  is  received,  the  CLEAR  NSSC  will  be  executed  to  HALT  the  OBC. 

6. 1.1.2  OBC  STINT  Power  Fault  Conditions 

The  OBC  power  supplies  have  circuits  that  monitor  the  output  voltage  and  current 
and  sets  up  fault  conditions  for  undervoltage,  overvoltage  and  overcurrent.  The 
fault  conditions  oeprate  trip  circuits. 

The  overcurrent  and  undervoltage  faults  cause  the  trip  circuit  to  latch,  and  the 
DC/DC  converter  voltages  are  turned  OFF  and  remain  OFF  until  restored  by 
appropriate  commands.  To  restore  the  voltage,  the  power  supply  is  turned  off  by 
sending  the  Power  Supply  OFF  command  followed  by  the  Power  Supply  ON  command. 
If  the  fault  has  cleared,  the  operation  cf  the  power  supply  is  restored. 

The  overvoltage  fault  does  not  latch  the  trip  circuit,  and  when  the  fault  is 
removed,  the  power  is  restored  without  sending  any  commands. 
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In  all  three  cases  (overvoltage*  over current  and  uudervoltage) , the  Power  Clear 
halts  the  OBC  and  the  OBC  CLEAR  NSSC,  and  INITIATE  NSSC  preceeded  by  CFD  DISABLE 
commands  must  be  sent  to  start  the  OBC.  The  Computer  Failure  Detector  (CFD) 
must  be  disabled  to  prevent  it  from  halting  the  OBC  before  the  OBC  can  start  the 
OBC  Self  Test  routine. 

6. 1.1.3  OBC  STINT  Start  U£ 

The  OBC  STINT  is  controlled  by  discrete  commands  addressed  to  RIU  1.  The 
command  sequence  to  power  up  the  OBC  STINT  is  as  follows: 

1.  STINT  A AND  NSSC  A OFF  turns  off  the  A side 

2.  STINT  B AND  NSSC  B OFF  turns  off  the  B side 

3.  ENABLE  MEMORY  0(0  and  4) 

ENABLE  MEMORY  2 (2  and  6) 

ENABLE  MEMORY  1 (1  and  5) 

ENABLE  MEMORY  3 (3  and  7) 

Enables  the  eight  memories. 

4.  SELECT  POWER  SUPPLY  A MEMORY  0 AND  2,  SELECT  POWER  SUPPLY  A MEMORY  1 
AND  3 ersbles  the  memory  to  be  powered  from  Power  Supply  A. 

5.  STINT  A and  NSSC  A ON 

Turns  on  the  power  to  STINT  A and  OBC  A and  starts  OBC  functioning  in 
the  hardware  control  mode. 

6.  DISABLE  COMPUTER  FAILURE  DETECTOR  A .disables  the  CFD  located  in  the. 
PCU  (Power  Control  Unit). 

7.  INITIATE  NSSC  - Word  for  computer  command  starts  OBC  execution  in  the 
software  control  mode. 

8.  Initiate  the  software  routines  (Processors)  that  generate  the  OBC  test 
commands. 

9.  ENABLE  COMPUTER  FAILURE  DETECTOR  A - Enables  the  CFD  and  the  OBC  will 
halt  anytime  the  CFD  fails  to  receive  three  consecutive  COMPUTER  A 1 
SECOND  TEST  discrete  commands. 

Note  that  both  Power  Supply  A and  B must  be  OFF  for  at  least  60  seconds  before 
the  memory  select  commands  are  sent.  And  both  Power  Supply  A and  B must  not  be 
ON  concurrently. 
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6.1.2  OBC  STINT  DATA  FLOW 

Figure  6.1-3  shows  a simp.' if  led  block  diagram  of  the  CU  (STACC  Central  Unit), 
the  STINT,  the  CPM  and  tie  OBC  memory.  The  diagram  shows  the  direction  of  the 
data/signal  flow  between  the  various  units.  STINT  CPM  are  dedicated  and  data 
flows  to  the  side  that  Is  powered  ON.  The  CU  STINT  units  are  cross  strapped  and 
either  CU  A or  CU  B can  be  used  with  the  STINT  CPM  that:  Is  turned  ON.  The  OBC 
memory  is  not  redundant. 

6.1. 2.1  STINT-CU 

Each  STINT  interfaces  with  both  CUs  (Figure  6.1-3).  The  active  CU  provides 
sync,  enable,  clock,  data  and  address  signals  to  both  STINTS  simultaneously. 
This  provides  for  four  basic  computer  functions: 

1.  Transfer  of  forward  link  stored  commands  (or  data)  to  the  memories. 

2.  Telemetry  format  control  and  computer  data  requests  from  the  OBC 

3.  Stored  commands  issued  from  the  OBC  and 

) 4,  Return  of  computer  requested  data  to  the  OBC  and  monitoring  of  return 

link  data  by  the  OBC. 

The  CU  decodes  the  forward  link  commands  and  the  ones  for  the  OBC  are 
transferred  to  the  STINT.  OBC  telemetry  requests  and  the  "stored  commands”  are 
transferred  from  the  STINT  to  the  CU.  The  telemetry  request  by  the  OBC  is 
transferred  from  the  CU  to  the  STINT. 

6.1. 2.2  ST I NT-0 BC 


Data  transfer  between  the  STINT-OBC  is  a dedicated  transfer.  Included  in  the 
signals  to  the  OBC  are  the  various  CU  commands  plus  the  power  clear  and 
oscillator  signals  from  the  PCU . Signals  to  the  STINT  include  acknowledgements 
and  various  timing  functions. 

6. 1.2. 3  STINT  and  OBC  to  Memory 

The  STINT  and  OBC  provide  separate  upper  ana  lower  bus  input  and  outputs.  See 
Figure  6.1-1.  Data  to  a memory  bus  is  obtained  In  parallel  (only  one  OBC-STINT 
pair  is  active),  driving  all  memories  on  the  bus  in  parallel.  The  alternate 
memory  bus  is  fed  similarly.  Addressing  of  the  memories  is  provided  by  the  OBC 
while  data  is  provided  by  either  STINT  or  OBC. 

Output  data  from  the  memories  to  the  STINT-OBC  have  a similiar  configuration. 
Memories  on  a given  bus  are  parallel  and  feed  the  parallel  combination  of  2 OBCs 
and  2 STINTs. 
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6*1. 2. 4 STINT-PMP 

Each  STINT  supplies  memory  dump  data  to  the  redundant  PMPs  at  the  command 
selectable  rate  of  32  Kbps  or  1 Kbps.  Additionally,  it  provides  both  a IX  and 
2X  clock. 

6. 1.2.5  STINT-PCU 

The  1.8  ME z OBC  clock  and  OBC  clear  are  supplied  from  the  PCU.  These  are 
dedicated  and,  associated  with  the  respectrive  A and  B power  supplies.  In  the 
absence  of  either  proper  voltage  to  the  computer  (PCU  power  clear  circuit)  or  a 
1 second  self  check  signal  from  the  computer  (before  3 seconds  have  elapsed) 
(PCU  Computer  Failure  Detector)  the  PCU  output  circuit  will  provide  a ground 
path  and  cause  the  computer  to  halt.  The  Computer  Failure  Detector  (CFD)  must 
initially  be  disabled  (by  command)  in  order  to  start  the  computer.  Once  halted, 
the  recur ranees  of  1 second  self  check  signals  will  not  start  the  computer.  The 
CFD  must  be  disabled  then  re-enabled  after  the  processor  that  sends  the  OBC  Self 
Test  commands  once  per  second  is  initialized. 

6.2  .PERFORMANCE  CAPABILITIES 

The  OBC  performance  capabilities  are  summarized  in  Table  6.2-1. 
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Funct ion 


Capability 


Lands at-D 
Impleme  n tut  ion 


Word  Length 

18  Bits 

Instruction  Word 

18  Bits 

Data  Flow 

Parallel 

Data  Type 

Fixed  Point 

Fraction 

2^s  Complement 

No.  of  Instructions 

55 

Add  Time 

5.0  Microseconds 

Multiply  Time 

38  Microseconds 

Divide  Time 

75  Microseconds 

Clock  Rate 

800  kHz 

No.  of  Index  Registers 

One 

Ope rations  per  Sec. 

20  OK 

Indirect  Addressing 

Load  and  Store 

Accumula  tor 

Double  Length 

Interrupts 

16  Multilevel 

Memory  Access 

Direct,  LOOK  words 
Per  Channel  I/O 
Rate 

OBC  Memories 

4 to  8 

NSSC-1  Downlink 
Telemetry  Rates 

1 or  32  kbps  Py 
Command 
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6.3  STINT/OBC  MODES  OF  OPERATION 

The  ST I NT/ OB C are  dedicated  devices  In  that  STINT  A is  connected  to  QBC  A.  The 
same  is  true  of  the  B side-  The  first  level  of  operating  modes  therefore  is  ON 
or  OFF  (no  power).  The  modes  are  summarized  as  follows: 

1.  ON/OFF 

2.  Hardware  Controlled  (Load  or  Dump) 

3*  Software  Controlled  (Operating  System) 

The  MMS  OBC  Flight  Executive  Technical  Description,  S-7QG-56B  covers  the 
commands  for  the  modes  of  ST1NT-NSSC  operation. 

6.3.1  ON/OFF  MODE 

The  ON  Mode  is  used  after  the  Power  (A  or  B)  for  memory  and  memories  enable 
commands  are  issued.  Power  A corresponds  to  STINT  A and  OBC  A.  The  Computer 
Failure  Detectors  in  the  PCU  must  be  disabled  until  the  OBC  is  started  since  1 
second  computer  self  check  pulses  will  begin  with  OBC  initiation.  This  mode 
(ON)  is  used  after  the  STINT-OBC  (NSSC)  is  turned  OFF  for  a few  seconds  prior  to 
any  reconfiguration  of  the  on-line  memories.  Also,  if  the  PCU  protection  trip 
circuit  is  act  tv  sited  by  temporary  bus  voltage  interruption,  the  .OBCHSTIKT  will 
De  shutdown.  To  restart,  the  STINT-OBC  must  be  powered  OFF  then  ON,  the 
Computer  Failure  disabled,  the  OBC  t-tat ted  by  a Computer  wora  c^msnd  as  above. 

6.3.2  HARDWARE  CONTROLLED  MODE 

The  OBC  is  controlled  by  Serial  Hagai*;*.?!?  commands  that  are  identified  as 
"Computer  Word"  commands.  The  OBC  comsw^  d CLEAR  NSSC  halts  the  execution  of  the 
Flight  Software  and  activates  the  hardware  Controlled  Mode.  The  OBC  stops 
sending  the  COMPUTER  1 SECOND  TEST  command  and,  unless  disabled,  the  CFD  causes 
the  spacecraft  to  transfer  to  Safe ho  Id  Mode. 

The  Hardware  Mode  acts  as  © "loader"  program.  In  this  node,  the  commands  can: 
(I)  Select  a (4K)  fixed  memory  bank,  (2)  load  fixed  bank  or  (3)  dump  a fix 
memory  bank.  And  process  the  INITIATE  NSSC  command  that  starts  the  execution  in 
the  Software  Controlled  Mode. 

6.3.3  SOFTWARE  CONTROLLED  MODE 

The  Software  Controlled  Mode  is  the  mode  used  when  the  spacecraft  is  on  orbit. 
The  operation  of  the  OBC  is  controlled  by  the  Flight  Executive  Software.  While 
in  the  Software  Mode,  commands  to  the  OBC  are  in  the  form  of  Executive  Requests. 
They  are  uploaded  as  "Computer  Words".  Ar.  Executive  Request  creates  A'  software 
interrupt  and  the  request  is  processed  upon  receipt.  The  Flight  Executive  is?  a 
multi-task  operating  system.  and  the  executive  request  is  processed  as  a task 
and  the  software  interrupt  does  not  HALT  the  OBC. 


ORIGINAL 

Of  POOR 


LSD-UPC-263 


(-IP 


OR'CINAL  PAGE  iS 
OF  POOR  goAtlty 

SVS-10266 
31  becemhor  198 1 

A noitware  memory  dump  cart  he  made  without  halting  t he  OHC  whereas  a hardware 
memory  dump  requires  the  OHC  first  he  halted. 

The  Executive  Request  commands  are  described  in  detail  in  the  Data  Format 
control  Hook*  Volume  111  (SVS-1 0124  ). 

The  Software  Controlled  Mode  can  execute  "stored  commands".  The  stored  command 
execution  time  is  specified  by  an  associated  "lime  tag"  command  and  the  stored 
command  is  executed  when  the  OHC  clock  equals  the  time  specified  in  the  time 
tag. 

<v.4  OHC/ STINT  CONSTRAINTS 

1*  Two  operational  constraints  are  Imposed  in  the  OBO-STINT  operation* 
both  rCV  power  supplies  must  be  OFF  before  memory  reconfiguration 
(Tower  Supply  Select  and  Memory  ENABLE/DISABLE)  and  only  one  of  the 
two  power  supplies  should  be  ON  at  a time. 

2.  Switching  the  ObC /STINT  can  cause  garbage  to  appear  on  the  Multiple 
Oat  a Bus  (MOB)  if  both  power  supplies  are  not  commanded  OFF  first. 

tv.S  ORO/STI  NT  KHTUNbANn* 

Active  Crops  Strapping;  Active  cross  strapping  is  when  redundant  units  X~A  and' 
"X-R  are  cross  strapped  to  redundant  units  Y w A and  \~B  and  both  X~A  and  X~T»  are 
active.  Unit  Y~A  or  unit  Y-R  can  select  data  from  either  X-A  or  \-S  as 
required. 

Passive  Cross  St^rappiuji;  Passive  cross  strapping  i&  when  redundant  units  N-A  and 
X-B  are  cross  strapped  to  redundant  units  Y-A  and  V-H*  and  unit  V-A  or  V-B  can 
receive  data  from  X-A  or  X-B  depending  upon  which  unit  X-A  or  X-B  is  turned  on. 

dedicate  d Re  dim  d a n t On  its;  bed  1 ca  t cd  red  u n da  nc  v is  wh  e e ux  uir.  X-  A a nd  V ■ - A are 

hardwired  and  X-R  and  Y-R  are  also  hardwired.  Unit  X is  dedicat  ’d  to  unit  V. 

Figure  h . 1 - " shows  the  Cl*  HUNT  OHC  redundant  units.  STINT  A or  STINT  H can 
transfer  data  to  or  from  Cl’  A or  Cl-  H depend  i uy  upon  which  00  is  pew'ered.  The 
r ed  imda  n t CO  s a re  pa  s si  vc  1 V c r os  s s t r «p  ped  to  t lie  t edund  ant  S T 1 NTs . 

STINT  A is  hardwired  to  CFM  A and  STINT  H is  hardwired  to  C PM  R.  The  STINT  CFM 

pair  that  is  powered  communicates  with  the  active  Cl1.  The  STINT  and  CFM  are 
ded i cat  cd  redundant  uni t s. 
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6.6  OBC  COMMANDING 

6.6.1  OBC  STINT  COMMANDS 

The  OBC  STINT  power  supplies  and  the  OBC  hardware  configuration  are  controlled 
by  the  C&DH  Discrete  Commands  addressed  to  RIO  1. 

The  commands  are  described  in  detail  ir  the  Data  Format  Control  Book,  Volume 
III,  SVS-10124. 

Commands  for  the  OBC  are  uploaded  in  the  Serial  Magnitude  Command  format  with 
function  code  that  identifies  the  command  as  a "computer  word"  command.  A 
"computer  word"  command  can  be  either  a hardware  command  or  a software  command. 

The  CLEAR  NS  SC  eomrand  halts  the  operation  of  the  flight  executive  and  starts 
the  OBC  operating  in  the  Hardware  Controlled  Mode.  Oaee  the  CLEAR  NS  SC  command 
has  been  processed,  the  OBC  can  now  accept  the  hardware  commands. 

Commands  for  the  OBC  software  are  called  Executive  Requests  and  ate  processed 
when  the  OBC  is  in  the  Software  Controlled  Mode;  i.e.,  the  OBC  Flight  Executive. 

6 . 6 . 1 . 1 Memory  Conf iguration  Commands 

The  full  complement  of  eight  memories  can  be  configured  by  enable/disable 
commands  by  which  the  memories  are  enabled  In  pairs  and  disabled  in  groups  of 
four.  As  indicated  in  the  table  shown  in  Figure  6.1-2,  the  prerequisite  for  any 
memory  enable/disable  command  is  that  both  OBC/STIKT  power  supplies  must  be  off 
to  prevent  damage  to  the  memories  or  relays.  The  memory  configuration  commands 
are  listed  below  and  depicted  In  Figure  6.1-2. 

The  memory  configuration  commands  and  the  telemetry  verifications  are  as 


lUXXUWb . 

Command 

Command 

Telemetry 

Acronym 

Description 

Verification 

MEM02D 

DISABLE  MEMORY  0 and 
disables  memories  0.  2,  4 

and 

6 

CMEMOFD»0 

MEM13D 

DISABLE  MEMORx  1 and  3 
disables  memories  1,  3,  5 

and 

7 

CMEM1FD-0 

K2M1EN 

ENABLE  MEMORY  1 
enables  memories  1 and  5 

C1EM1FD-1 

MEH3ES 

ENABLE  MEMORY  3 
enables  memories  3 and  7 

CMEM3H>"1 
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MEMGEN  ENABLE  MEMORY  0 CMEMOFD-1 

enables  memories  0 and  4 

MEM2EN  ENABLE  MEMORY  2 CMLM2FD-1 

enables  memories  2 and  6 

6*6.1. 2 Computer  Failure  Detection  Commands 

Each  STINT  CPM  pair  has  its  own  failure  detection  circuit  which  is  powered  by 
the  dedicated  power  supply.  The  circuit  checks  that  a computer  1 second  command 
has  been  received  from  the  GBC  via  this  RIU  A or  B within  the  last  three 
seconds.  If  either  condition  is  not  satisfied,  the  failure  detection  circuit 
sends  a signal  to  the  Power  clear  circuit  and  the  Power  clear  sends  a signal  to 
the  STINT  which  halts  the  computer.  The  circuitry  can  be  enabled/disabled  by 
command.  It  must  be  disabled  in  order  to  start  the  computer  because  a halted 
computer  does  not  generate  the  1 second  commands  used  by  the  failure  detection 
circuit.  The  commands  associated  with  the  failure  detection  circuits  are  listed 
below.  Telemetry  verifications  for  the  enable/disable  functions  are  obtained 
from  the  coni tors  CCFDAED  and  CCFDBED.  The  only  verification  of  the  1 second 
commands  i<*  that  the  OBC  has  not  halted. 
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OBC  A 

OBC  B 

Failure  Detection 

Telemetry 

Verification 

CPFDDA 

C.PFDDB 

Disable 

CCFDAED 

CCFDBED-0 

CPFDEA 

CPFDEB 

Enable 

CCFDAED®! 

CCFDBED®! 

CAlSEC 

SB 1 SEC 

(From  operating  OBC) 

None  ^ 

None 

6.6.2  COMPUTER  WORD  COMMANDS 

C&DH  Serial  Magnitude  Commands  for  the  OBC  have  a "Computer  Word"  function  code. 
These  commands  are  decoded  by  the  STACC  Central  Unit  and  sent  directly  to  the 
OBC  via  the  STINT. 

6. 6.2.1  OBC  Hardware  Commands 

A "Computer  Word"  command  can  be  either  an  OBC  hardware  command  or  an  executive 
request  command.  The  hardware  commands  are  processed  when  the  OBC  is  In  the 
Hardware  Controlled  Mode.  The  Hardware  Controlled  Mode  Is  used  to  load  or  dump 
the  OBC  memory  contents. 

Table  6.6-1  contains  a list  of  the  OBC  hardware  commands  and  a description  of 
each  command. 
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6. 6. 2. 2 OBC  Software  Commands 

Commands  for  the  OBC  software  are  Computer  Word  commands  in  the  form  of 
Executive  Requests.  Executive  Request  commands  are  processed  when  the  OBC  is  in 
the  Software  Controlled  Mode  which  is  the  normal  mode  for  on-orbit  operation. 
An  Executive  Request  generates  a software  interrupt  and  is  processed  when 
received  by  the  OBC.  Executive  requests  differ  from  hardware  command  in  that 
executive  requests  can  be  processed  without  halting  the  OBC. 

Table  6.6-2  contains  a list  of  the  Executive  Request  commands  and  a description 
of  each  command. 

6. 6. 2. 3 COIL  Command  Procedures 


The  OBC  hardware  and  software  commands  are  uploaded  in  the  C&DH  Serial  Magnitude 
Command  format.  These  commands  are  generated  by  the  COIL  (Computer  Operator 
Interface  Language)  program.  The  Landsat-D  Ground  Segment  Control  and 
Simulation  COIL  Users  Guide  describes  the  COIL  procedures  needed  to  upload  the 
OBC  commands.  The  COIL  command  names  are  not  the  same  as  the  names  used  in  the 
Data  Format  Control  Book  and  care  must  be  exercised  to  avoid  confusion. 

The  7 /OBC"  COIL  directive  is  used  to  send  commands  that  control  the  hardware  and 
software  operation  of  the  flight  computer  (OBC).  Mnemonic  formats  described  in 
the  following  paragraphs  may  cause  more  than  one  command  to  be  sent  depending 
upon  the  operation  to  be  performed. 

General  Format : (Different  formats  exist  depending  on  the  function  to  be 

performed) 

1.  To  initiate  a hardware  load  of  the  selected  fixed  bank: 

/OBC  LOAD,  RDW,  source 
where: 

source  is  the  file  containing  the  load  data 
*bank  number  was  previously  entered  by  the 
/OBC,  PIXB,  banknumber"  directive. 
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2*  To  initiate  a software  memory  load: 

/OBC  LOAD,  SFT,  source 
where: 

source  **  file  containing  load  data 

3.  To  initiate  a table  load  of  an  OBC  flight  executive  table. 

'/OBC,  LOAD,  TBL,  Table  number 

where : 

Table  number  - the  number  of  OBC  system  table  to  load 

4.  To  initiate  a hardware  dump  of  the  selected  fixed  bank: 

/OBC  DUMP,  RDW,  destination 

where: 

Destination  is  the  file  to  receive  and  store  the  raw  dump. 

5.  To  initiate  an  OBC  software  dump: 

/OBC  DUMP,  SFT,  START  LOC  (OCTAL),  NUMBER  WORDS  (DEC) 
where: 

destination  - file  in  which  to  store  dump. 

6.  To  initiate  an  OBC  flight  executive  table  dump: 

/OBC  DUMP,  TBL,  'table  number' 

where: 

'table  number'  is  the  table  to  be  dumped. 

7.  To  initiate  an  OBC  status  buffer  dump. 

/OBC  DUMP,  SBF,  destination 

where: 

destination  is  the  file  to  contain  the  raw  dump. 
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8,  To  reset  the  flight  computer  hardware: 

/OBC,  RESET 

9*  To  select  the  OBC  Fixed  Bank  for  a memory  load/dump  and/or  the 
software  system  execution: 

/OBC  FIXB,  bank  number 

where: 

'“bank  number"  is  the  selected  fixed  bank  (0-15). 

10.  to  initiate  and  start  the  OBC  flight  software: 


/OBC,  S'* ART 


11.  To  clear  the  OBC  status  buffer: 


/OBC,  CLEAR 

12.  To  control  the  execution  of  an  OBC  applications  processor: 

/OBC,  PCNTL , processor  ID,  function  code 

where: 

processor  ID  « the  software  processor  identification  number  (0-63) 

function  code  **  octal  representation  of  the  function  aesired 
(0-777777) 

13.  To  patch  OBC  memory  locations: 

/OBC,  PATCH,  absolute  address,  data 
where: 

absolute  address  * (0-65535) 

data  **  18  bit  value  to  load  into  address  (octal) 

14.  To  initialize  of  restart  schedule  table  processing: 

/OBC,  SCHTAB,  function 

where: 
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function  *»  ^RESTART"  to  restart  scheduler  table  processing 

^INITIALIZED  to  Initialize  scheduler  table  processing 

15.  To  inhibit  OBC. memory  checking: 

/ OBC,  INHMEM 

16.  To  change  control  of  the  telemetry  format: 

/OBC,  TMCNTL , source 

where: 

Source  » 'ROMl"  Engineering  Format 
DR0H2D  Mission  Format 
'OBC"  Special 

17 . To  zero  reports  in  OBC  contribution  to  telemetry: 

/OBC,  TMZERO,  Report  Number 

where : 

Report  number  « 0 - 256  decimal 
Note:  256  « zero  all  reports 

18.  Change  the  telemetry  bit  rate: 

/OBC,  TMBITR,  bit  rate  in  Kbps 
whe  re : 

bit  rate  in  Kbps  « 1 
2 
4 
8 

16 

32 

64 
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6.7  OBC  STINT  TELEMETRY 

The  OBC  STINT  telemetry  gives  the  status  of  the  hardware*  Table  6.7-1  defines 
the  telemetry  points  and  the  acronyms  used  by  the  ground  segment  to  identify  tie 
specific  telemetry  poiDts. 

Telemetry  is  described  in  detail  in  the  Data  Format  Control  Book*  Volume  III, 
SVS-10123. 

Once  every  second  the  OBC  sends  an  OBC  Self  Test  command  via  RIU-1  to  Itself. 
It  also  sends  a Computer  A/B  l-second  Test  command  to  the  Computer  Failure 
Detect c/r  A/B  located  In  the  C&DH  Power  Control  Unit.  If  the  failure  detections 
are  enabled  ani  the  command  is  not  received  for  three  consecutive  commands,  the 
OBC  will  be  halt  . The  fact  that  the  OBC  has  not  beer,  halted  indicates  that  the 
OBC  is  operating  in  the  Software  Controlled  Mode. 
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Table  6.7-1,  OBC-STINT  Status  Telemetry 


User  ID  C/DH-EG  Bilevel  word  160: 

ST  ACC  SUNT  A, 

NS  SC  A 

CSTDBCA-0 

OFF 

®1 

ON 

COMPUTER  FAILURE  DET  A 

CCFDAED-0 

DISABLED 

ENABLED 

STACC  STINT  B, 

NS  SC  B 

CSTOBCB-O 

OFF 

*1 

ON 

COMPUTER  FAILURE  DET  B 

CCFDBED**0 

DISABLED 

*1 

ENABLED 

:PWR  SUPPLY  FOR 

MEM  1,  3,  5 and  7 

* 

CPWRM13K) 

POWER  SUPPLY 

A 

-1 

POWER  SUPPLY 

B 

PWR  SUPPLY  FOR 

MEM  02,  4,  and  6 

CPWRM0.2-0 

POWER  SUPPLY 

A 

«1 

POWER  SUPPLY 

B 

User  ID  C/DH-27  Bilevel  word  170: 

MEM  1 and  5 

CMEM1ED-0 

DISABLED 

«*1 

ENABLED 

MEM  2 and  6 

CMEM2ED-0 

DISABLED 

-1 

ENABLED 

MEM  3 and  7 

CMEM3ED-0 

DISABLED 

ENABLED 

MEM  0 and  4 

CMEMOEDH) 

DISABLED 

ENABLED 
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User  ID  C/DH-12  Serial  digital 


OBC  DUMP  MEMORY 

BANK  ID,  STINT  , 

CADNPID-O 

MEM  BANK 

15 

*1 

MEM  BANK 

14 

-2 

MEM  BANK 

13 

-3 

MEM  BANK 

12 

-4 

MEM  BANK 

11 

-5 

MEM  BANK 

10 

-6 

MEM  BANK 

9 

-7 

MEM  BANK 

8 

-8 

MEM  BANK 

7 

•9 

MEM  BANK 

6 

-10 

MEM  BANK 

5 

-11 

MEM  BANK 

4 

-12 

MEM  BANK 

3 

-13 

MEM  BANK 

2 

-14 

MEM  BANK 

1 

-1.5 

MEM  BANK 

Q 

TYPE  DUMP,  STINT  A 

CADMPHS-0 

SOFTWARE 

012 

tx  1 

HARDWARE 

DID 

«*2 

Not  Used 

-3 

NO  DUMP 

ID  C/DH-13  Serial  digital 

OBC  DUMP  MEMORY 

BANK  ID,  ST  IK 

rr  i 

CBDMPID-0 

MEM  BANK 

15 

-i 

MEM  BANK 

14 

—2 

MEM  BANK 

13 

-3 

MEM  BANK 

12 

MEM  BANK 

11 

-5 

MEM  B ANK 

10 

-6 

MEM  BANK 

9 

-7 

MEM  BANK 

8 

«8 

MEM  BANK 

7 

®Q 

KEM  BANK 

6 

-10 

mem  bam; 

5 

“11 

MEM  BANK 

4 

-12 

MEM  BANK 

3 

-13 

KEM  BANK 

2 
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Table  6,7-1*  OBC-STINT  Status  Telemetry 


HEM  BANK  1 
-15  MEM  EANK  0 


TYPE  DUMP,  STINT  B 
CBDMPHS=0 
-1 

-2 

-3 


SOFTWARE  DUMP 
HARDWARE  DUMP 
Not  Used 
NO  DUMP 
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SECTION  7.0  31  December  1981 

PROPULSION  MODULE  SUBSYSTEM 

Orbit  adjust  ami  attitude  control  capability  for  the  Landsat-D  is  provided  by 
the  PM-1A  Propulsion  Module  Subsystem  of  the  three  axis  stabilized  Multimission 
Modular  Spacecraft  (MMS). 

The  PM-1A  Propulsion  Module  Subsystem  which  consists  of  the  PHI  and  Auxiliary 
Tank  Kit  is  used  in  conjunction  with  a Modular  Power  Subsystem  (MFS) , a Modular 
Attitude  Control  System  (MACS),  a Communication  and  Data  Handling  Module  (C&DH) 
and  a Signal  Conditioning  and  Control  Unit  (SC&CU)  to  form  the  MMS.  The  MMS  is 
adaptable  to  various  types  of  missions  ranging  from  a near-earth,  circular  orbit 
to  geosynchronous  orbits*  For  the  Landsat-D  application  a circular,  sun 
synchronous  orbit  will  be  employed. 

7.1  PM-1A  FUNCTIONAL  DESCRIPTION 

The  PM-1A  consists  of  a Propulsion  Module  (PM-1A),  an  Auxiliary  Tank  Kit  (ATK) 
and  full  lines  that  together  have  a maximum  hydrazine  propellant  capacity  of 
517.20  lbs.  and  3.2  lbs  of  nitrogen  pressurant.  510  lbs.  of  the  propellant  are 
usable;  approximately  7.2  lbs.  are  needed  to  fill  the  lines  to  the  thrusters. 

The  PM-1  A Propulsion  Module  subsystem  provides  orbit  adjust  thrusters  integrated 
with  attitude  control  thrusters.  The  attitude  control  thrusters  are  also  used 
for  initial  and  backup  attitude  acquisition,  and  for  reaction  wheel  momentum 
unloading.  The  design  is  a mass  expulsion  hydrazine  subsystem  using  nitrogen 
pressurant  in  a blowdown  mode  as  illustrated  in  Figure  7.1-1.  The  propellant 
and  pressurant  for  both  the  attitude  control  and  translation  thrusters  are 
stored  in  four  spherical  tanks  each  containing  an  elastomeric  positive  expulsion 
diaphragm  which*  separates  the  pressurant  from  the  propellant  and  retains 
propellant  at  the  outlet  ports.  Component  contaminate  damage  is  eliminated  by 
location  of  a high  capacity  filter  in  the  feed  line  to  the  thruster  manifolds. 
ATK  contains  approximately  345  lbs.  of  propellant  whereas  the  three  PM-1  tanks 
contain  167  lbs.  of  propellant.  Blowdown  ratio  of  the  ATK  is  6-to-l ; the  three 
PM-1  tank  ratio  is  3-to-l . 

The  thrusters  are  divided  into  two  component  sets,  each  capable  of  performing 
all  mission  functions,  and  are  mounted  in  four  Rocket  Engine  Modules  (REM's). 
The  general  layout  of  the  primary  and  backup  REM^s  and  the  thrusters  in  each  REM 
is  illustrated  in  Figure  7.1-2. 

Each  REM,  groups  three  0.2  Ibf  attitude  control  thrusters  and  one  5 Ibf 
translation  thruster  Into  one  basic  unit.  The  translation  thrusters  are  used  for 
orbit  adjusts.  The  ACS  thrusters  are  for  attitude  control  only.  The  thrust 
levels  drop  as  propellant  is  expended.  Latch  valves  are  used  to  provide 
malfunction  protection. 
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Figure  7.1-1.  PM-1A  System  Schematic 
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PROPULSION 

MODULE 

(BOTTOM  VIEW) 
LOOKING 
FORWARD 
TOWARD 
PAYLOAD 


0 X,  Y,  Z ABE  MACS  CONTROL  AXES 

REMS  A & C BACKUP,  B & D PRIMARY  . +Y 

Y (PITCH) 

RE  M B 


Figure  7*1*2.  PM-.1A  Propulsion  Module  * Aft  View 
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The  Propulsion  Module  is  required  to  1)  decode,  route  and  properly  execute  the 
various  commands;  2)  supply  the  required  thrust  levels  and  durations  in  the 
proper  directions;  3)  collect,  encode  and  route  the  required  telemetry  back  to 
the  spacecraft;  4)  provide  mechanical  support  during  launch,  operation  and 
retrieval;  and  5)  maintain  a tightly  controlled  thermal  environment.  These 
functions  are  accomplished  by  using  the  following  hardware, 

1.  Commands  with  the  exception  of  the  ATK,  are  routed  from  the  interface 
connector  to  one  of  two  redundant  remote  interface  units  (RIU)  which 
decodes  the  commands  and  routes  them  to  the  appropriate  input  of  one 
of  the  two  redundant  Propulsion  Module  Electronic  (PME)  units.  A 
simplified  block  diagram  of  the  Remote  Interface  Unit  (RIU)  is  shown 
in  Figure  7,1-3. 

2.  The  PME  takes  the  commands,  operates  upon  them  and  drives  the  required 
relays  and  valves.  Operation  of  the  appropriate  valves  allows 
hydrazine  to  flow  from  the  tanks  to  the  required  thrusters  where  it  is 
catalytically  decomposed  to  provide  thrust.  Sixteen  thrusters  are 
provided  with  four  in  each  of  the  four  Rocket  Engine  Modules  (REM). 
Two  of  the  REM' 8 are  redundant  to  the  other  two* 

3.  Telemetry,  with  the  exception  of  the  ATK,  signals  are  routed  back  from 

the  relays  and  valves  through  the  PME,  where  they  are  combined.  From 

the  PME  the  telemetry  signals  are  routed  to  the  RIU  where  they  are 
encoded  after  which  they  are  routed  through  the  r.nterface  connector  to 
the  spacecraft. 

In  addition  to  the  telemetry  signals  above,  subsystem  pressure  and 
various  module  temperatures  are  also  telemetered.  The  commands  and 
telemetry  necessary  for  the  operation  of  the  PM~1A  Propulsion  Module 
are  listed  in  Paragraphs  7.6  and  7.7,  respectively. 

4.  Power,  telemetry  and  command,  and  electrical  interface  requirements 
for  the  Auxiliary  Tank  Kit  (ATK)  are  handled  by  the  Signal 
Conditioning  and  Control  Unit  (SC&CU). 
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Each  PM-1A  Propulsion  Module  uses  two  Propulsion  Module  Electronics  (PMS)  units. 
Both  PME's  are  identical , and  can  react  to  commands  that  are  issued  from  either 
RXU. 

Each  PME  unit  contains  command  buffers  and  power  switches  to  drive  thruster  and 
latch  valves  for  attitude  control  and  translation.  Relays  for  heater  control 
are  included  in  each  PME.  The  primary  heater  controll  is  in  PME-A,  and  the 
redundant  heater  control  is  in  PME-B.  Each  unit  also  contains  telemetry 
circuits  to  give  status  indications,  and  a small  dc/dc  converter  to  provide 
isolated  pov?er  for  signal  processing.  Every  valve  used  in  the  PM-1A  module  can 
be  driven  from  either  PME,  or  from  both,  simultaneously.  To  avoid  ASCS  hardline 
command  problems  in  the  safehold  mode,  PME-A  should  be  used  with  ACE-A  and  FME-B 
with  ACE-B . 

Each  PME  unit  for  the  PM-1A  weighs  less  than  13.5  pounds,  occupies  less  than  80 
square  inches  of  shelf  space,  and  has  a volume  of  approximately  480  cubic 
inches.  The  average  power  dissipation  of  each  unit  is  less  than  4 watts. 

One  of  the  main  functions  of  the  PME  is  to  stretch  the  incoming  6 ms  discrete 
commands,  for  the  attitude  control  thrusters,  into  40  ms  pulse  outputs,  100  :ns 
pulse  pulse  outputs,  or  280  ms  pulse  outputs.  The  280  ms  pulse  duration  will 
primarily  be  utilized  on  Aandsat-D.  During  orbit  adjust  and  normal  operation  of 
the  spacecraft,  the  0BC  will  "refresh"  the  ACS  commands  every  256  ms  and  512  ms, 
respectively.  A block  diagram  of  the  PM-1A  attitude  control  electronics  is 
shown  in  Figure  7.1-4.  The  6 ms  discrete  commands  for  the  translations  thruster 
firings  are  stretched  to  1 second.  For  Landsat-D,  the  OBC  will  "refresh"  the 
thruster  commands  every  256  ms  during  orbit  adjust.  The  translation  thrusters 
are  not  employed  during  normal  operation.  Both  types  of  discrete  stretchers 
(ACS  and  translation  thrusters)  can  be  extended  before  the  stretch  time  is 
completed  in  order  to  obtain  continuous  firing  of  the  thrusters.  Refer  to 
Paragraph  7.3  for  a discussion  of  OBC  thruster  control  logic. 
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REMs  which  are  opposite  each  other  on  the  shelf  are  generally  activated  as  a 
pair  to  accomplish  + roll,  + pitch,  and  + yaw  corrections.  One  of  the  REM  pairs 
is  called  the  “Primary  Set”  for  Lands at-D  (REMs  B and  D),  and  can  be  used  for 
all  attitude  control  maneuvers.  The  A-C  REM's  comprise  the  back-up  set.  Table 
7.1-1  identifies  the  specific  thrusters  which  are  activated  to  perform  all  six 
attitude  control  maneuvers. 

Table  7.1-1.  Attitude  Control  Thruster  Assignments  for  Landsat-D 


+ ROLL 

- ROLL 

+ PITCH 

- PITCH 

+ YAW 

- YAW 

Back-Up 

A2 , C2 

A3,  C3 

C4 

A4 

A2,  C3 

A3,  C2 

Primary 

B2,  D2 

B3,  D3 

CO 

« 

CM 

PQ 

B3,  D2 

B4 

D4 

Translation  maneuvers,  for  orbit  changes,  are  normally  performed  with  all 
5-pound  thrusters  operating.  Capability  exists  to  fire  only  two  of  the  four 
5-pound  thrusters  for  translation,  but  this  mode  would  normally  be  used  only  in 
case  of  trial  function. 

For  translation  thrust  operation,  the  incoming  6 ms  command  is  stretched  to  1 
second  and  (normally)  all  four  thrusters  are  fired.  Unequal  moment  arms  to  the 
Spacecraft  eg,  or  unequal  thruster  outputs  can  produce  unwanted  attitude  control 
errors.  An  OFF-pulsing  to  control  pitch  and  yaw  disturbances  during  translation 
maneuvers  capability  is  included  in  the  5 pound  thruster  driver  circuitry.  This 
OFF-pulsing  feature  will  OFF-pulse  ONE  five  pounder  during  normal  translation 
maneuvers,  and  OFF  pulse  both  five  pounders  when  a back-up  mode  is  being  used. 
The  0.2  lb.  thrusters  are  normally  disabled  during  a translation  maneuver.  If 
the  +P,  R or  Y disturbances  exceed  specified  limits,  the  5 lb.  thrusters  will  be 
disabled  and  the  0.2  lb.  thrusters  enabled  until  the  disturbance  is  eliminated* 
At  that  time  the  translation  maneuver  can  be  resumed. 
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Table  7*2-1.  Propulsion  Module  Subsystem  Summary 


Function  Characteristics 

Power  Supply 

Two  different  internal  supplies  are  12.5V  + IV,  ~GV 
generated  from  the  spacecraft  for 
internal  PME  use. 

One  low  voltage  supply  which  is 
referenced  to  signal  ground  is  a 
nominal  12.5V  supply,  used  for 
integrated  circuit  power,  telemetry 
vo It age /power  source,  ACS  and 
hardwire  interface  circuitry 
and  for  input  command  buffer 
circuitry. 

The  other  low  voltage  supply  is 
referenced  to  the  spacecraft  power 
input  bus,  providing  a 12  volt 
supply  below  the  incoming  power 
bus  and  is  only  used  by  the  photo 
couplers . 

(Heater  Controls 


Sixteen  commands  are  allocated  to 
the  control  of  10  flight  heaters. 

These  commands  are  configured  for 
primary  and  redundant  heater 
circuits  for  4 REMs  and  2 shelf 
heater  to  maintain  temperature 
control  of  the  PM-1A  Propulsion 
Module  elements 

A functional  diagram  (Figure  .7*2-1) 

and  a command  matrix  (Table  7*2-2) 

illustrate  this  approach.  X ^ « 433.9  mA  (374  mA  at  28V) 

ma  x K.  * 

hljl  n 

Heater  power  for  each  REM  will  be 
controlled  by  one  of  two  thermostats 
for  each  heater  set. 


5 watts  (per  each  REM) 

Heater  resistance  sired  for  20% 
below  normal  at  low  line  voltage, 
making  the  resistance  equal  to: 

E^/P,  where  E®22V,  and  P®6  watts 

R . _ ■*  83  680.  ohms 
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Table  7.2-1.  Propulsion  Module  Subsystem  Summary 


PAGE  is 
QUALITY 


Close 

0.015  sec 

A cross  section  of  the  5-0  Ibf 

Internal  leakage 

0.5  s.c.c./hr 

thruster  is  shewn  in  Figure  7.2-2. 

External  leakage 

1 x 10~6  scc/sec  He 

Weight 

0.60  lb 

Coil  resistance  (each)  78.4  ohms  at  70  F 

0.2  ibf  Thruster  Valve  Parameters 

Used  to  overcome 

Supply  Pressure 

350  psig  (maximum) 

unwanted  attitude  control  errors 

Proof  Pressure 

600  psig 

Burst  Pressure 

1600  psig 

Flow  rate 

0.0020  Ib/sec 

The  0.2  Ibf  thruster  valve  is  a 

Pressure  Drop 

10  psid 

scaled  down  version  of  the  5 Ibf 

Power  at  28  VDC 

10W 

thruster  valve  pictured  in  Figure 

Supply  Voltage 

18  to  45  Vdc 

7.2-3  with  one  difference;  the 

Pull  in  Voltage  (max) 

17  VDC 

inlet  feed  tube  enters  the  filter 

Drop  out  voltage 

2 min,  10  max  Vdc 

housing  of  the  upstream  valve 

Internal  Leakage 

0.5  scc/hr,  GN 
1 x 10  scc/sec.  He 

radially  rather  than  axially. 

External  Leakage 

Weight 

0.20  lb 

Coil  Resistance 

157  ohms  at  70°F 

(Each  Coil) 

Latch  Valve  Performance  Characteristics 

The  latch  valve  has  a single 

Supply  pressure 

350  psig 

poppet,  seat,  and  actuator  and  is 

Proof  pressure 

600  psig 

magnetically  latched  in  either  the 

Burst  pressure 

1600  psig 

open  or  closed  position  following  a 

Flow  rate  design  point 

0.025  lb/sec 

signal  to  either  the  opening  or 

Pressure  drop  at 

3.5  psid 

closing  coil.  The  valve  will 

design  point 

remain  latched  without  power. 

Power  (minimum  20  ms) 

8W 

A microswitch  located  in  the 

Supply  voltage 

18-35  Vdc 

housing  of  the  valve  indicates  its 

Internal  leakage 

0.5  see  GN?/hr 
1x10  sec  GHe/sec 

position.  Figure  7.2-4  shows  a 

External  leakage 

cross  section  of  this  valve  and 

Reverse  relief  pres. 

100  psi  max 

Figure  7.2-5  shows  a block 

Weight 

0.60  lb 

diagram  of  the  latch  valve  controls. 

Inlet  tube 

0,250  by  0.020 
In  wall 

Outlet  tube 

0.250  by  0.020 
in  wall 
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Table  7.2-1.  Propulsion  Module  Subsystem  Summary 


Shelf  Heater 

20  watts 

1736  mA  - Maximum  Value 

ATK  Heaters 

Flight  Heaters 

All  ATK  flight  heaters  and  control 
circuits  will  be  powered  from  the 
22-35  Vdc  spacecraft  bus. 

The  SC&CU  provides  bus  protection 
and  power  control  circuitry  for 
four  ATK  heaters,  two  of 
which  shall  contain  thermostat 
bypass  capability . 

Shuttle  Survival/Servicing  Heaters 

Separate  heaters  will  provide  safe 
temperatures  in  the  ATK  during  resupply 
operations  when  the  spacecraft  power  is 
turned  off.  These  heaters  will  be 

28V  + 

! 

4 Volts 

electrically  isolated  from  the 
flight  heater  circuits  and  will 
be  thermostatically  controlled. 

5.0  Ibf  Thruster  Valve  Parameters 

The  5 pound  thruster  driver 

Supply  pressu; 

350  psig  (maximum) 

circuitry  incorporates  an 

Proof  pressure 

800  psig 

OFF-pulsing  capability. 

Burst  pressure 

1600  psig 

Flow  rate 

0.025  Ib/sec 

Pressure  drop 

28  f?sid 

Power  at  28  Vdc 

.20® 

This  OFF- pulsing  feature  will 

Supply  voltage 

18  to  45  Vdc 

OFF-pulse  one  five  pounder 

Pull  in  voltage 

(max)  17.0  Vdc 

during  normal  translation 

Dropout  voltage 

2.0  Vdc  min 

maneuvers,  and  both  five 

10*0  Vdc  max 

pounders  when  a back-up 
mode  is  being  used. 

Response  70°F  at 

: 28  Vdc 

L . 

Open 

0 .010  sec 
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Figure  7 •2—1 • Functional  Diagram  — Heater  Controls 
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Table  1 .2-2.  PM-1A  Heater  Control  Operation  Matrix 


Fraction 

COMMAND  NUMBER.  j 

y 

H 

m 

4 

5 

Li 

11 

8 

j 9 

j 10 

I11 

12 

13 

14 

61 

|62 

BUS  ENABLE  PRIM  ON 

■ 

HI 

■ 

B 

■ 

■ 

■ 

H 

■ 

in 

X 

r~ 

OFF 

■ 

■ 

!■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

Hi 

19 

191 

\ 

i 

KEDUN  ON 

L 

[B 

■ 

■ 

■ 

in 

m 

IH 

19 

m 

hh 

OFF 

:■ 

■ 

■ 

■ 

■ 

r 

I 

19 

X 

REM  A PRIM  AUTO  MODE 

H 

■ 

■ 

■ 

■ 

!■ 

■ 

m 

■ 

MANUAL  MODE 

■ 

H 

■ 

■ 

■ 
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Figure  7.2-4.  Latch  Valve  Cross  Section 
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Figure  7.2-5.  Block  Diagram  - Latch  Valve  Controls 
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7 .3  PM-1A  SUBSYSTEM  HOPES  OF  OPERATION 

The  following  describes  the  bu.’lt-in  orbl  ' adjust  thruster  selection  logic.  The 
OBC  software  for  the  Attitude  Control  System  provides  torque  axis  input  signals 
to  the  PM-1A  logic  every  756  milliseconds,  integrates  the  total  translation 
thruster  firing  time  commanded  for  all  translation  thrusters,  and  disables 
firing  of  all  translation  thrusters  on  the  756ms  cycle  when  the  integrated 
firing  time  equals  or  exceeds  the  commanded  value. 

Figure  7.3-1  is  a simplified  diagram  of  the  portion  of  the  PM-1A  electronics 
that  controls  the  translation  thrusters  and  shows  the  drivers  for  the  four 
translation  thrusters  designated  as  A1 , Bl,  Cl,  and  D1 . When  enabled  by 
appropriate  commands,  the  thruster  valves  are  opened  when  light  from  light 
emitting  diodes  (LED)  strikes  the  photo  diodes  in  the  optical  couplers 
designated  for  each  thruster.  If  the  appropriate  propellant  latch  valves  are 
open,  the  engine  fires. 

Figure  7.3-2  shows  that  thrusters  Bl  and  D1  or  A1  and  Cl  are  enabled  in  pairs  by 
connecting  either  or  both  pairs  to  either  of  two  redundant  Propulsion  Module 
electronics  (PME)  power  supplies.  For  simplicity  only  PME-A  is  shown. 

The  plus  and  minus  yaw  and  pitch  signals  entering  at  the  bottom  of  Figure  7.3-2 
are  generated  by  the  OBC  attitude  control  software  which  controls  the  firing  of 
the  0.2  Xbf  attitude  controls  thrusters.  These  lines  are  tied  to  the  control  of 
the  translation  thrusters  in  the  PH-1 A electronics.  Each  of  these  lines  short 
circuits  the  light  emitting  diode  which  actuates  the  thruster  producing  the 
undesired  torque.  Since  only  one  axis  is  commanded  each  ACS  cycle,  only  one 
translation  thruster  (the  one  with  the  largest  error)  will  be  off-pulsed  at  a 
time.  However,  if  either  thruster  pair  is  not  enabled,  the  two  diodes  shown 
provide  ground  to  a relay  which  ties  all  the  torque  command  lines  together  for 
translation  thruster  control  so  that  both  translation  thrusters,  in  a pair,  will 
be  off-pulsed  for  any  torque  command  if  only  one  pair  is  enabled.  Thus,  if 
either  pair  of  translation  thrusters  is  enabled,  either  zero  or  two  thrusters 
will  be  firing  each  256  ms  command  cycle;  if  both  pairs  are  enabled,  either  3 or 
h thrusters  will  be  firing  each  256  ms  command  cycle. 

The  command  interface  for  the  orbit  adjust  thrusters  has  been  established 
through  the  attitude  control  software  to  simplify  utilization  of  the  propulsion 
module  built-in  logic.  In  addition  to  PM-1A  configuration  commands  v;hich 
specify  the  PME  side  to  be  utilized,  the  latch  valve  positions,  apd  which 
thruster  pair  to  use  (either  or  both),  the  only  thruster  maneuver  magnitude 
command  required  is  total  thruster-geconds  for  the  burn,  and  a maximum  elapsed 
time  after  v?hich  to  disable  all  translation  thrusters.  Start  time  and  attitude 
data  are  of  course  also  required. 
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Figure  7.3-1.  PM-1  Simplified  Schematic  Translation  Controls 
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Figure  7.3-2.  PH-1  Simplified  Schematic 
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7 *4  PROPULSION  module  subsystem  constraints 

7.4.1  PM-IA  INITIALIZATION  CONSTRAINTS 

The  sequence  of  commands  required  to  enable  a PME  for  attitude  control  is: 

1.  PME  A/B  ENABLE 

2.  SELECT  PULSE  WIDTH  40/100/280  ms 

3.  ENABLE  REM'S  A,C/B,D 

4.  ENABLE  LATCH  VALVE  DRIVERS  A/B 

5.  OPEN  APPROPRIATE  LATCH  VALVES 

7.4.2  PM-IA  TELEMETRY  CONSTRAINTS 

All  telemetry  indications  of  any  off  PME  should  be  totally  ignored  because  they 
are  unpredictable. 


7.4.3  PM-IA  COMMAND  CONSTRAINTS 

) 

1.  If  a SAFE  HOLD  entry  occurs  with  ACS  rates  >.25  degrees  per  second  and 
the  ACS  REMs  are  not  enabled,  enabling  must  be  ground  commanded. 

2.  Following  Coarse  Sun  Acquisition,  the  commands  below  should  be  sent  to 
disable  all  thruster  banks: 

1 PRIMARY  HTRS  ON,  AUTO  MODE,  MANUAL  MODE  OFF 
19  CLOSE  LATCH  VALVES  1 & 6 

24  CLOSE  LATCH  VALVES  2 A 4 

25  CLOSE  LATCH  VALVES  3 A 5 

29  DISABLE  PME -A  ATTITUDE  CONTROLS 

30  DISABLE  PME-B  ATTITUDE  CONTROLS 

49  DISABLE  REMs  A/C  FOR  TRANSLATION  CONTROL 

50  DISABLE  REMs  B/D  FOR  TRANSLATION  CONTROL 


i 
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7.4.4  PM-1A  TEMPERATURE  CONSTRAINTS 

1 * There  is  no  specified  limit  for  the  catalyst  bed  which  typically  runs 
between  1200-1500°F  during  firing. 

2.  The  PM  non-firing  temperature  limits  are: 

Component  Temperature  Limit-C£F) 

0.2  Pound  Thruster:^^ 


Catalyst  Bed 

80 

to 

185 

Valve^' 

80 

to 

185 

5.0  Pound  Thruster 

Catalyst  Bed 

20 

to 

185 

Valve ^ ' 

50 

to 

185 

All  other  PM  Components: 

50 

to 

140 

(Tanks,  Lines,  Latch  Valves) 

Electronics 

PME's 

32 

to 

104 

fcXlTs 

32 

to 

104 

Maximum  Tank-Tank  Differential 

10 

(1)  Excludes  firing  temperature.  Heaters  are  thermostatically  controlled 
and  left  on  throughout  the  mission. 

(2)  250°F  limit  during  firing  and  soakback. 

7.4.5  PM— 1A  PRESSURE  CONSTRAINTS 

Thruster  valves  must  not.be  opened  below  closed  latch  valves  such  as  to  drain 
the  hydrazine  from  the  line(s)  between  the  latch  valve(s)  and  the  thrusters 
because  of  potential  problems  when  the  lines  are  refilled,  (i.e.,  potential 
damage  to  the  latch  valves  and  thrusters) 
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7.4.6  PH-1 A VIEWING  CONSTRAINTS 
TBD 


7 .4 .7  PM-1A  OPERATING  MODE  CONSTRAINTS 

1.  The  280  millisecond  thruster  pulse  time  must  be  selected  for  orbit 
adjusts. 

2.  Attitude  Control  REMs  A/C  or  B/D  must  be  enabled  during  initial 
attitude  acquisition  or  backup  momentum  dump. 

3.  Translation  control  REMs  A/C  and  B/D  must  be  enabled  during  orbit 
adjust. 

4.  All  Attitude  Control  and  translational  REMs  must  be  disabled  during 
normal  operation. 

5.  MACS  safehold  enable  signals  are  not  crosses  trapped;  1 . e the 
safehold  enable  signal  from  ACE-A  goes  to  PME-A  and  the  safehold 
enable  signal  from  ACE-B  goes  to  PKE-B . Therefore,  PME-A  should  be 
used  with  ACE-A,  PME-B  with  ACE-B. 

7.4.8  PM  SAFE  HOLD  CONSTRAINTS 

All  thrusters  should  bo  disabled  during  Safe  Hold  Mode  If  all  magnetic  torquers 
are  operational.  Thrusters  should  only  be  enabled  by  ground  command. 


7.5  PM-1A  SUBSYSTEM  REDUNDANCY 

The  PM-IA  provides  a high  degree  of  redundancy  for  propellant  leakage  above  the 
latch  valves.  The  translation  thrusters  utilized  for  all  orbit  adjusts  are 
configured  in  two  independent  systems  of  2 thrusters  each,  and  either  pair  may 
be  utilized.  Either  pair  may  be  operated  from  either  of  two  sets  of  Propulsion 
Module  electronics  (PME). 

7.5.1  PME  REL IABILXTY 


The  PME  design  is  based  primarily  upon  a unit  redundancy  approach,  with  cross 
strapping  on  input  and  output*  Figure  7.5-1  illustrates  this  approach. 
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Higher  levels  of  redundancy  exist  within  each  PKE,  which  allow  portions  of  a PME 
to  be  disabled  vihtout  impeding  the  operation  of  the  remainder  of  that  PME. 

To  preclude  problems,  if  the  S/C  goes  into  safehold  mode,  operate  RiUA  with  PME  A 
and  RIUB  with  PME-B » 

7.5-2  CROSS  STRAP P INC / RED U NDAN  C Y 

Cross  strapping  or  redundant  inputs  have  been  provided  for  all  electrical 
functions  whose  loss  could  result  in  a mission  failure  or  out-of-t ole ranee 
performance-  Figures  7.5-2,  7.5-3  and  7.5-4  show  the  techniques  used.  Note  that 
TLM  channels  16-31  are  not  cross-strapped. 
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Figure  7.50  Figure  7.5-4.  Heater  X-Strap 


ORIGINAL  PAGE  IS 
OF  POOR  QUALITY 


SVS-10266 
31  December  1981 


Figure  7.5-1  shows  a redundancy  for  PME®  that  in  consistent  with  the  plan  for 
RIU  failure.  This  plan  suggests  that  a failure  of  RlUA  results  in  disabling  that 
RIU  and  PMK-A  enabling  RIUB  and  PME-B. 

For  each  PME  function  shown  in  Figure  7.5-2,  a failure  of  one  PME  will  require 
that  function  to  be  disabled  in  that  PME,  and  the  same  function  enabled  in  the 
other  PME. 

On©  further  level  of  redundancy  exists  in  the  PME * n for  the  attitude  control 
section,  which  reflect®  the  redundancy  that  exists  for  REM  operation.  Table 
7.1-1  showed  a primary  and  back-up  set  of  thrusters  for  each  attitude  control 
maneuver.  The  PME  attitude  control  driver  outputs  can  ha  guided  to  either  the 
primary  set  of  thrusters  (REMs  B & D)  or  to  the  back-up  set;  of  thrusters  (REMs  A 
& C),  for  each  of  the  attitude  control  operations*  Each  PME  set  of  attitude 
control  electronics  can  therefore  be  used  to  operate  valves  in  an  operational 
REM  in  case  of  a valve  or  thruster  failure  in  its  counterpart  REM. 

With  REM's  B and  D primary  and  REM's  A and  G back-up,  total  redundancy  is 
provided  for  performing  station  acquisition  and  orbit  adjust  maneuvers  and 
concurrent  transverse  axis  pitch/yaw  attitude  control  using  the  5 Ibf  thrusters. 
The  0.2  Ibf  thrusters  provide  a redundant  capability  to  execute  roll  and 
pitch/yaw  torque  commands  for  all  attitude  control  functions  as  required. 

Redundancy  also  exists  for  attitude  control  outputs  and  translation  outputs 
through  use  of  series  redundant  driver®.  Each  thru  a tar  driver  contains  2 
transltor  switches  in  series..  A single  failure  can  prevent  an  output  from  that 
driver,  but  no  single  failure  can  open  a thruster  valve  continuously.  Since  each 
PME  contains  driver®  for  each  thruster  valve,  the  series  redundancy  in  each  PME 
thruster  driver  circuit  provides  "quad**  redundant  capabilities  for  those 
important  loads. 

The  Fropulsion  Module  (PM-1A)  incorporates  effective  redundancy  in  all  mission 
critical  area®.  Single  point  failure  modes  which  might  cause  mission  failures 
are  essentially  eliminated  except  for  some  low  predicted  frequency  failure  modes 
where  redundancy  is  impractical. 
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7.6  PROPULSION  MODULE  COMMANDS 

Operation  of  the  propulsion  module  is  controlled  utilizing  a total  of  58 
commands.  Of  these,  57  are  discrete  commands  and  1 Is  a serial  message  command 
word.  The  serial  message  command  controls  12  functions. 

The  commands  are  listed  in  Tables  7.6-1  and  7.6-2  for  discrete  and  serial 
magnitude  commands  respectively,  and  are  described  in  Paragraph  7.6.1.  Command 
sequences  and  restraints  are  provided  in  Paragraph  7.6.2  and  7.6.3.  Functional 
schematics  of  command  operation  appear  in  Paragraph  7.6.4. 

7.6.1  COMMAND  DESCRIPTIONS 

7 . 6 . 1 . 1 RIU  Selection  Commands 

RIU  5 SELF  STANDBY  1 
RIU  5 SELF  STANDBY  2 

The  selection  of  RIU  5A  or  5B  is  controlled  by  these  two  discrete  commands.  The 
functional  schematic  for  these  commands  is  illustrated  in  Figure  7*6-1.  The 
operation  of  these  commands  is  identical  for  RIU  A and  B. 

RIU  5 SELF  STANDBY  1 to  RIU  .A  enables  a pulse  to  one  side  of  a latching  relay  , 
closing  it,  connecting  RIU  internal  signal  grounds  to  external  signal  grounds* 
In  this  configuration  the  RIU  is  in  STANDBY  1 mode  as  evidenced  by  PM  bilevel 
telemetry,  ZMATENF  - 1.  RIU  5 SELF  STANDBY  2 to  RIU  A elevates  RIU  A to  the 
STANDBY  1 mode,  enabling  its  use  for  command  and  telemetry.  In  addition,  this 
command  enables  a pulse  to  RIU  B,  turning  it  off.  This  prevents  both  RXU's  from 
being  on  simultaneously.  The  telemetry  verification  that  RIU  A is  la  the 
STANDBY  2 mode  is  indicated  by  PM  bilevel  ZRIUSBA  * 0. 

The  complement  to  this  series  of  commands  is  to  send  the  same  commands  to  RIU  B, 
resulting  in  RIU  B being  on  in  the  STANDBY  2 mode  and  RIU  A OFF.  The  telemetry 
verification  that  RIU  B is  in  the  STANDBY  2 mode  is  indicated  by  PM  bilevel 
ZRIUSBA  - 1 . 
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Table  7.6-1.  Propulsion  Module  Discrete  Command  List 
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Table  7.6-2.  Propulsion  Module  Serial  Magnitude  CojBnand  List 
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7. 6. 1.2  PME  A/B  Latch  Valve  Driver  Selection 

ENABLE  PME-A  LATCH  VALVE  DRIVERS 
DISABLE  PME-A  LATCH  VALVE  DRIVERS 
ENABLE  PME-B  LATCH  VALVE  DRIVERS 
DISABLE  PME-B  LATCH  VALVE  DRIVERS 

The  function  of  these  four  discrete  commands  is  to  control  the  +28  VDC 
unregulated  power  to  PME-A  and  PME-B  latch  valve  driver  circuits*  The 
functional  schematic  for  these  commands  Is  Illustrated  in  Figure  7.6-2.  The 
operation  of  these  commands  is  Identical  for  both  PME-A  and  PME-B  drivers. 

PME  A/B  LATCH  VALVE  DRIVER  ENABLE  command  enables  a pulse  to  one  side  of  a 
latching  relay,  closing  it,  enabling  the  unregulated  +28  VDC  power  to  the 
associated  latch  valve  driver  circuits.  The  complement  to  the  latch  valve 
driver  enable  command  is  the  PME  A/B  latch  valve  driver  disable  command.  The 
disable  command  enables  a pulse  to  the  opposite  coil  of  the  latching  relay, 
causing  the  relay  to  open,  removing  power  from  the  driver  circuits. 

Telemetry  verification  of  latch  valve  driver  status  is  indicated  by  PM  telemetry 
point  ZLVDVRS.  ZLVDVRS  is  a multi-level  analog  signal  which  defines  driver 
status  as  follows: 


Latch  Valve  Driver  Status  ZLVDVRS 

PME-A  PME-B  TLM  VOLTS 


Disabled 

Enabled 

Disabled 

Enabled 


Disabled 

Disabled 

Enabled 

Enabled 


0.40 

2*65 

3.78 

4.99 


7. 6. 1.3  Latch  Valve  Control 

OPEN  LATCH  VALVE  1 AND  6 
OPEN  LATCH  VALVE  2 
OPEN  LATCH  VALVE  3 
OPEN  LATCH  VALVE  4 
OPEN  LATCH  VALVE  5 
CLOSE  LATCH  VALVE  1 AND  6 
CLOSE  LATCH  VALVE  2 AND  4 
CLOSE  LATCH  VALVE  3 AND  5 


The  function  of  these  eight  discrete  commands  Is  to  control  the  operation  of  the 
six  latch  valves.  The  functional  schematic  for  these  commands  is  illustrated  in 
Figure  7.6-2.  Operation  of  these  commands  is  identical  for  each  latch  valve. 
In  order  for  these  commands  to  function  properly,  the  latch  valve  drivers  must 
first  b?  enabled. 
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An  open  latch  valve  command  enables  a pulse  to  an  optical  coupled  isolator 
phototransistor  which  in  turn  drives  one  of  the  latch  valve  actuator  coils, 
causing  the  valve  to  latch  open.  The  complement  is  the  latch  valve  close 
command  which  enables  a pulse  to  the  opposite  actuator  coil,  latching  the  valve 
in  the  closed  position. 

Telemetry  verification  of  latch  valve  open/closed  status  is  indicated  by  PH 
telemetry  points  ZLV123  and  ZLV456.  These  telemetry  points  are  multi-level 
analog  signals  defined  as  follows: 


Latch  Valve  Status 

ZLV123 

1 

2 

3 

TLM  Volts 

Open 

Open 

Open 

0.400 

Open 

Open 

Closed 

1.879 

Open 

Closed 

Open 

2.462 

Closed 

Open 

Open 

3.025 

Open 

Closed 

Closed 

3.507 

Clos ed 

Open 

Closed 

3.952 

Closed 

Clos ed 

Open 

4.333 

Closed 

Closed 

Closed 

5.039 

Latch  Valve  Status 

ZLV456 

4 

5 

6 

TLM  Volts 

Open 

Open 

Open 

0.400 

Open 

Open 

Closed 

1.879 

Open 

Closed 

Open 

2.462 

Closed 

Open 

Open 

3.025 

Open 

Clos ed 

Closed 

3.507 

Closed 

Open 

Closed 

3.952 

Closed 

Closed 

Open 

4.333 

Closed 

Closed 

Closed 

5.039 

7. 6. 1.4  FME  A/B  Selection  for  Attitude  Control 

ENABLE  PME-A  ATTITUDE  CONTROL 
DISABLE  PME-A  ATTITUDE  CONTROL 
ENABLE  PME-B  ATTITUDE  CONTROL 
DISABLE  PME-B  ATTITUDE  CONTROL 

The  function  of  these  four  discrete  commands  is  to  control  the  unregulated  +28 
VDC  and  regulated  +12.5  VDC  power  to  PME-A  and  PME-B  attitude  control  circuits. 
The  functional  schematic  for  these  commands  is  illustrated  in  Figure  7.6-3.  The 
operation  of  these  commands  is  identical  for  both  PME-A  and  'PKE-B'. 

FME  A/B  attitude  control  enable  command  enables  a pulse  to  one  side  of  a 
latching  relay,  closing  it,  enabling  unregulated  +28  VDC  and  regulated  +12.5  VDC 
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Figure  7.6-3,.  Attitude  Thruoter  Control  Functional  Block  Diagram 
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power  to  the  associated  electronics  used  to  control  the  operation  of  the 
attitude  control  thrusters.  The  complement  to  the  attitude  control  enable 
command  is  the  PME  A/B  disable  command.  The  disable  command  enables  a pulse  to 
the  opposite  coil  of  the  latching  relay,  causing  the  relay  to  open,  removing 
both  the  regulated  and  unregulated  power  from  the  attitude  control  thruster 
electronics. 


The  telemetry  verification  of  PME  A/B  attitude  control  status  is  indicated  by  PM 
telemetry  - paint  ZEABATC.  ZEABATC  is  a multi-level  analog  signal  which  defines 
attitude  control  thruster  electronics  selection  status  as  follows: 


Attitude  Control  Thruster  Electronics  ZEABATC 


PME-A  PMF-B  TLM  Volts 

Disabled  Disabled  0.40 
Enabled  Enabled  2.65 
Disabled  Enabled  3.78 
Enabled  Enabled  4.99 


7 .6.1.5  Pulse  Width  Selection 

SELECT  40  MSEC  PULSE  WIDTH 
SELECT  100  MSEC  PULSE  WIDTH 
SELECT  280  MSEC  PULSE  WIDTH 

The  function  of  these  three  discrete  comrtands  is  to  select  the  thruster  pulse 
width  for  attitude  control.  The  functional  scnematic  for  these  commands  is 
illustrated  in  Figure  7-6-3.  For  a given  pulse  with  selection  command  to 
execute,  at  least  one  PME  must  be  enabled  for  attitude  control. 

Pulse  width  selection  is  achieved  by  commanding  either  of  the  three  discretes 
which  configures  a series  of  latching  relajs  in  the  pulse  control  electronics. 
The  complement  to  a given  command  is  to  select  an  alternate  pulse  width  which 
results  in  a reconfiguration  of  the  pulse  control  electronics. 


Telemetry  verification  of  selected  pulse  width  is  indicated  by  PM  telemetry 
points  ZF.APULS  and  ZEbPUT.S  for  PME-A  and  PME-B  attitude  control  thruster 
elect i nics  respectively.  These  points  are  multi-level  analog  signals  defined 
as  follows: 


Selected  Pulse  Width 


ZEAPULS'ZEBPULS 
TIM  Volts 


28C  msec 
100  msec 
40  msec 


0.40 
2.65 
3.7  8 
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7. 6*1*6  Attitude  Control  Torque  Commands 

4-ROLL  TORQUE  COMMAND 
-ROLL  TORQUE  COMMAND 
4-PITCH  TORQUE  COMMAND 
-PITCH  TORQUE  COMMAND 
+YA*J  TORQUE  COMMAND 
-YAW  TORQUE  COMMAND 


The  function  of  these  six  cotsaaods  is  to  control  the  operation  of  the  attitude 
control  thrusters-  The  functional  schematic  for  these  commands  is  illustrated 
in  Figure  7.6-3.  Operation  of  these  commands  is  identical  for  each  thruster. 
Prior  to  issuing  a torque  command,  desired  PME  attitude  control  thruster 
electronics,  pulse  width  nnd  REM  selection  must  be  commanded.  In  addition,  the 
latch  valves  must  be  configured  to  ach.ieve  the  desired  propellant  flow. 


A given  torque  coEsmand  enables  a pulse  to  an  optical  coupled  isolator 
phototransistor  which  in  turn  drives  the  thruster  solenoid  opening  it  for  the 
selected  pulse  width  duration.  In  the  orbit  adjust  mode  with  all  REMS  enabled 
for  translation  control,  the  torque  command  also  results  la  an  off-pulse  of  an 
associated  translation  control  thruster. 

Telemetry  verification  of  torque  cosmnds  is  indicated  by  PM  te  1 esse  try  points 
ZEAPGEN,  ZEANGEN,  ZEBPGEN  and  EE BN GEN,  for  positive  and  negative  torque  commands 
associated  with  PME-A  and  PKE-B  respectively.  The  telemetry  points  are  multi- 
level analog  signals  defined  as  fellows: 

ZEAPGEN/ZEANGEN 
ZE.BP.GEN/  ZEENGEN 

Attitude  Control  Thruster  Pulse  Generated  TIM  Volts 


No  Pulses  0.400 
Roll  Pulse  1 .879 
Pitch  P “ se  2.462 
Yaw  Fulc.  3.025 
Roll,  Pj.cr  -ulse  3-507 
Roll,  Yaw  Pulse  3.952 
Pitch,  Yaw  Pulse  4.333 
Roll,  Pitch,  Yaw  Pulse  5.039 
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The  previous  telemetry  verifications  indicate  that  an  attitude  control  torque 
pulse  was  generated  but  failed  to  indicate  actual  thruster  solenoid  operation. 
Thruster  solenoid  operation  is  verified  by  PM  telemetry  points  Z1RMAATC, 
Z1RMBATC,  Z1RMCATC  and  Z1RMDATC,  defined  as: 

Z 1 RMAATC , Z 1 RMB ATC 

REM  A/B/C/D  Attitude  Control  Thruster  Status  Z1RMCATC .ZIRMDATC 


THR  2 

THR  3 

THR  4 

TLM  Volts 

Off 

Off 

Off 

0.400 

Fired 

Off 

Off 

1.879 

Off 

Fired 

Off 

2.462 

Off 

Off 

Fired 

3.025 

Fired 

Fired 

Off 

3.507 

Fired 

Off 

Fired 

3.952 

Off 

Fired 

Fired 

4 .333 

Fired 

Fired 

Fired 

5.039 

7 .6. 1.7  REM  Selection  for  Attitude  Control 


ENABLE  REMS  A/C  DISABLE  REMS 
ENABLE  REMS  A/C  DISABLE  REMS 
ENABLE  REMS  A/C  DISABLE  REMS 
ENABLE  REMS  A/C  DISABLE  REMS 
ENABLE  REMS  A/C  DISABLE  REMS 
ENABLE  REMS  A/C  DISABLE  REMS 


B/D  FOR  -f-ROLL 
8/D  FOR  --ROLL 
B/D  FOR  +PITCH 
B/D  FOR  -PITCH 
B/D  FOR  +YAW 
B/D  FOR  -YAW 


ENABLE  REMS  B/D  FOR  ATTITUDE  CONTROL  DISABLE  REMS  A/C 


The  function  of  these  seven  discrete  commands  is  to  control  the  selection  of 
REMS  A/C  or  B/D  for  attitude  control.  The  functional  schematic  for  these 
commands  is  illustrated  in  Figure  7.6-3.  Prior  to  issuing  any  commands  in  this 
series,  an  associated  PME  must  first  be  enabled. 

An  enable  REMS  A/C  command  enables  a pulse  to  one  coil  of  a latching  relay, 
routing  the  switched  12.5  VDC  power  and  torque  signals  to  REMS  A and  C.  The 
complement  to  the  REMS  A/C  enable  command  is  the  REM  B/D  enable  for  attitude 
control.  The  REM  B/D  enable  command  enables  a pulse  to  the  opposite  coil  of  the 
latching  relay,  removing  power  and  torque  signals  from  REMS  A/C  and  routing  them 
to  RFMS  B/D. 
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Telemetry  verification  of  selected  REMS  enabled  for  attitude  control  is 
indicated  by  PM  telemetry  points  ZEAPATC,  ZEANATC,  ZEBPATC,  ZEBNATC  for  positive 
and  negative,  PME-A  and  PME-B  REM  selection  respectively*  These  telemetry 
points  are  m ’Iti-level  analog  signals  defined  as  follows; 


REM  A/C 

ZEAPATC , ZEANATC 

Atti  tude 

Control  Thruster 

Status 

ZEBFATC , ZEBPATC 

Roll 

Pitch 

Yaw 

TLM  Volts 

Disabled 

Disabled 

Disabled 

0.400 

Enabled 

Disabled 

Disabled 

1.879 

Disabled 

Enabled 

Disabled 

2.462 

Disabled 

Disabled 

Enabled 

3.025 

Enabled 

Enabled 

Disabled 

3.507 

Enabled 

Disabled 

Enabled 

3.952 

Disabled 

Enabled 

Enabled 

4.333 

Enabled 

Enabled 

Enabled 

5 .039 

7 .6.1 .8  PME  A/B  Selection  for  Translation  Control 

ENABLE  PME -A  FOR  TRANSLATION  CONTROL  DISABLE  PME-B 
ENABLE  PME-B  FOR  TRANSLATION  CONTROL  DISABLE  PME -A 

The  function  of  these  two  discrete  commands  Is  to  control  the  regulated  4-12.5 
VDC  power  to  PME -A  or  PME-B  translation  control  circuits.  The  functional 
schematic  for  these  commands  Is  illustrated  in  Figure  7.6-1.  The  operation  of 
these  commands  is  identical  for  both  PME- A and  PME-B. 


PME -A  enable  for  translation  control  command  enables  a pulse  to  one  side  of  a 
latching  relay  in  both  PME -A  and  PME-B.  In  PME -A,  the  relay  routes  the 
regulated  +12.5  VDC  power  to  PME-A  translation  control  electronics.  In  PME-B, 
the  relay  switches  PME-B  translation  control  electronic  to  ground.  The 
complement  to  the  PME-A  enable  command  is  the  PME-B  enable  command.  The  PME-B 
enable  for  translation  control  command  enables  a pulse  to  the  opposite  side  of 
the  latching  relay  in  both  PME-A  and  PME-B,  removing  power  from  PME-A,  routing 
power  to  PME-B  translation  control  electronics. 

Telemetry  verification  of  PME  A/B  translation  control  status  is  indicated  by  PM 
telemetry  point  ZEABTRS.  ZEABTRS  is  a multi-level  analog  signal  which  defines 
PME  A/B  selection  for  translation  control  as  follows: 


Selected 

Electronics 

ZEABTRS 

PME-A 

PME-B 

TLM  Volts 

Enabled 

Disabled 

2.65 

Disabled 

Enabled 

3.78 
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7 *6  A *9  REM  Selection  for  Translation  Control 
ENABLE  REMS  A/C  FOR  TRANSLATION  CONTROL 

in ^ able  mm  \/c  for  translation  ..control 

ENABLE  REMS  B/P  pOR  TRANSLATION  CONTROL 
ms  ABLE  REMS  B/D  FOR  TRANSLATION  CONTROL 

The  function  of  these  four  discrete  commands  in  to  control  the  selection  of  REMS 
A/C  and  B/D  for  translation  control*  The  functional  schematic  for  those 
commands  is  Illustrated  in  Figure  7*6-1.  Prior  to  issuing  any  commands  in  this 
series,  an  associated  PMK  must  first  be  enabled  for  translation  control* 
Operation  of  these  commands  Is  identical  for  REMS  A/C  and  R/D* 

An  enable  REM  command  enables  a pulse  to  one  side  of  a latching  relay 0 enabling 
the  unregulated  *28  VDC  to  the  solenoid  *ide  of  the  thruster  drive  circuits* 
The  complement  is  to  disable  the  associated  REM*  removing  power  from  the 
thru# t er  dr 1 ve  cl rcu It s * 
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Telemetry  verification  of  selected  REMS  enabled  for  translation  control  is 
indicated  by  PM  telemetry  points  r.RAKMTC  and  7EBRMTC  for  PME-A  and  PME-B 
■respectively.  These  telemetry  pints  are  multi-level  analog  signals  defined  as 
t'ol  lows : 


T rans 1 at i on  Coot  ro 1 
Select  ed  REM  Pair 

A/C  B/P 


disabled 
Euab  le  d 
IHs&h  led 
Enabled 


disabled 
Pi sable d 
Enabled 
Pi sab led 


7 * 6 * 1 . 1 0 Tr a n a l a t i on  Th ru at  Cornea nd 
TRANSLATION  THRUST  COMMAND 


zEmmrjZKmKrc 
TLM  Volte 

0 *40 
2*65 
3*78 
4*99 


The  function  of  this  command  in  to  control  the  operation  of  the  translation 
control  thrusters.  The  functional  schematic  for  these  commands  is  illustrated  In 
Figure  7*6-1*  Prior  to  issuing  a translation  thrust  command,  desired  PME 
translation  thruster  electronic*  and  REM  selection  must  lx?  commanded*  In 
addition,  the  latch  valves  must  be  conf igured  to  achieve  the  desired  propellant 
t low* 


The  t ran*  1 a t i o n t hr  u a t c omma  nd  enables  a pulse  to  an  optical  coupled  iso  la  to  r 
p.ho  t o t r an  s i * t or  w h 1 c h 1 n t u r n d rives  t he  thruster  so  1 e no  1 d o p en  tng  it  for  a 
re  f r e a ha  b l e 1 a e c.o  n d d or  a 1 1 o n » 1 s a u i ng  ad  d i t i o na  1 t r a ns  1 at  to  n t h m ».t  c omim  nd  a 

be  f o re  t he  e nd  of  the  p r e v i ous  l a e c o n d c oas&a.nd  e d duration  r e r ii  1 1 a in  c on  t i nu  on  « 
f iritis* 
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Telemetry  verification  of  translation  thrust  commands  is  indicated  by  PM 
telemetry  points  ZRMACTC  and  7RKBDTC  for  REMS  A/C  and  REMS  B/D  firings 
respectively.  These  telemetry  points  are  multi-level  analog  signala  defined  as: 


REM  A/C 

ZRMACTC 

Translation 

Control  Thurster  Status 

TLM  Volts 

A1 

Cl 

Off 

Off 

0.40 

Fired 

Off 

2.65 

Off 

Fired 

3.78 

Fired 

Fired 

4.99 

REM  B/D 

ZRMBDTC 

Translation 

Control  Thruster  Status 

TLM  Volts 

B1 

D1 

Off 

Off 

0.40 

Fired 

Off 

2.65 

Off 

Fired 

3.78 

Fired 

Fired 

4.99 

7.6.1.11  PM  Heater  Power  Bus  Control 

ENABLE  PRIMARY  HEATER  BUS 
DISABLE  PRIMARY  HEATER  BUS 
ENABLE  REDUNDANT  HEATER  BUS 
DISABLE  REDUNDANT  HEATER  BUS 

The  function  of  these  four  discrete  commands  is  to  enable  spacecraft  heater  bus 
power  to  primary  and  redundant  PM  heaters.  The  functional  schematic  for  these 
commands  is  illustrated  in  Figure  7.6-4.  The  operation  of  these  commands  is 
identical  for  primary  and  redundant  heater  bus  control. 

The  enable  heater  bus  command  enables  a pulse  to  one  coil  of  a latching  relay, 
closing  it,  enabling  spacecraft  heater  bus  power  to  REM  and  shelf  heater 
circuits.  The  complement  to  the  enable  command  is  the  disable  heater  bus 
command.  The  disable  command  enables  a pulse  to  the  opposite  coil  of  the 

latching  relay,  causing  it  to  open,  removing  power  from  the  heater  circuits. 
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V 


Telemetry  verification  of  heater  bus  status  is  indicated  by  PH  telemetry  point 
ZHTRBUS.  ZKTRBUS  is  a multi-level  analog  signal  defined  as: 


Heater  Power  Bus  Status  ZHTRBU3 
Primary  Redundant  TLM  Volts 

Disabled  Disabled  0*40 
Enabled  Disabled  2.65 
Disabled  Enabled  3.78 
Enabled  Enabled  4.99 


7.6.1.12  Heater  Thermostat  Selection 

PRIMARY  HEATERS  ON  AUTO  MODE  MANUAL  MODE  OFF 
REM  A PRIMARY  HEATERS  ON  MANUAL  MODE 
REM  B PRIMARY  HEATERS  ON  MANUAL  MODE 
REM  C PRIMARY  HEATERS  ON  MANUAL  MODE 
REM  D PRIMARY  HEATERS  ON  MANUAL  MODE 
SHELF  PRIMARY  HEATERS  ON  MANUAL  MODE 

REDUNDANT  HEATERS  ON  AUTO  MODE  MANUAL  MODE  OFF 
REM  A REDUNDANT  HEATERS  ON  MANUAL  MODE 
REM  B REDUNDANT  HEATERS  ON  MANUAL  MODE 
REM  C REDUNDANT  HEATERS  ON  MANUAL  MODE 
REM  D REDUNDANT  HEATERS  ON  MANNA,  MODE 
SHELF  REDUNDANT  HEATERS  ON  MANUAL  M1D.S 


LSD-WF0263 


7-46 


SVS-10266 
31  December  1981 

The  function  of  these  12  discrete  commands  is  for  th©  ©©lection  of  heater 
control  in  the  automatic  or  manual  mode*  In  the  automatic  mode  a prime 
thermostat  is  used  for  heater  control*  In  the  manual  mod©  an  alternate 
thermostat  with  a higher  set  point  is  switched  into  the  heater  control  circuit. 
The  operation  of  these  commands  is  identical  for  both  primary  and  redundant 
heaters. 

A manual  mode  command  enables  a pulse  to  one  coil  of  a latching  relay  * closing 
it,  switching  the  alternate  heater  thermostat  into  the  heater  control  circuit. 
The  complement  to  the  manual  mode  command  is  the  auto  mod©  command.  The  auto 
mode  command  enables  a pulse  to  the  opposite  coil  of  the  latching  relay, 
removing  the  alternate  thermostat  from  the  control  loop. 

Telemetry  verification  of  auto/manual  mode  heater  operation  is  indicated  in  PM 
bilevel  words  1 and  2 for  primary  and  redundant  heaters  respectively.  Acronyms 
for  these  telemetry  points  are  as  defined  in  Table  7.6-1.  A bilevel  0 indicates 
operation  in  the  automatic  mode.  A bilevel  1 indicates  operation  in  the  manual 
mode. 

The  functional  schematic  for  these  commands  is  illustrated  in  Figure  7.6-4. 

7 .6 .1.13  ATK  Heater  Control 

) ATK  PRIMARY  TANK  HEATER  ENABLE 

ATK  PRIMARY  TANK  HEATER  DISABLE 
ATK  REDUNDANT  TANK  HEATER  ENABLE 
ATK  REDUNDANT  TANK  HEATER  DISABLE 
ATK  TANK  HEATER  THERMOSTAT  BYPASS 
ATK  TANK  HEATER  THERMOSTAT  ENABLE 

ATK  PRIMARY  LINE  HEATER  ENABLE 
ATK  PRIMARY  LINE  HEATER  DISABLE 
ATK  REDUNDANT  LINE  HEATER  ENABLE 
ATK  REDUNDANT  LINE  HEATER  DISABLE 
ATK  LINE  HEATER  THERMOSTAT  BYPASS 
ATK  LINE  HEATER  THERMOSTAT  ENABLE 

These  commands  enable  the  heater  control  functions  associated  with  th©  operation 
of  the  ATK  and  are  controlled  by  a single  serial  message  command.  . Table  7.6-1 
specifies  the  structure  of  the  command  required  to  achieve  a given  function. 
The  operation  of  the  commands  is  similar  for  tank  and  line  heater  control 
f unet ions . 

Prime  and  redundant  heater  enable  commands  enable  a pulse  to  one  coil  of  a 
1 a to h i ng  re 1 ay , e na b 1 i ng  s p \ e e c raft  he a t e r bus  p ow an  to  the  associated  heater 
circuit.  The  complement  if*  the  disable  command  which  enables  a pulse  to  the 

opposite  coil  of  the  latching  relay,  removing  power  from  the  heater  circuit. 
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Tank  and  line  thermostat  bypass  commands  enable  the  use  of  alternate  thermostats 
in  the  heater  control  circuits.  Primary  thermostat  control  can  be  reinstated 
through  the  use  of  the  thermostat  enable  commands . 

Telemetry  verification  of  ATK  heater  operation  is  indicated  by  PH  serial  digital 
word  21AHTRS.  Telemetry  acronyms  are  specified  in  Table  7.6-1  for  the  various 
functions.  A bilevel  0 indicates  heaters  disabled  or  primary  thermostats 
enabled.  A bilevel  1 indicates  heaters  enabled  or  thermostats  bypassed. 

7.6.2  COMMAND  SEQUENCES 

This  section  lists  the  command  sequences  which  relate  to  the  operation  of  the 
propulsion  module. 

PM  Initialisation  for  Attitude  Control  A-Slde 

ENABLE  PME-A  FOR  ATTITUDE  CONTROL 

ENABLE  REM  A/C  FOR  +ROLL 

ENABLE  REM  A/C  FOR  -ROLL 

ENABLE  REM  A/C  FOR  +PITCH 

ENABLE  REM  A/C  FOR  -PITCH 

ENABLE  REM  A/C  FOR  +YAW 

ENABLE  REM  A/C  FOR  -YAW 

SELECT  PULSE  WIDTH  (AO,  100  OR  280  MS) 

ENABL  • PME-A  LATCH  VALVE  DRIVERS 

CONFIGURE  LATCH  VALVES 

DISABLE  PME-A  LATCH  VALUE  DRIVERS 

PM  Initialisation  for  Attitude  Control  B-Side 

ENABLE  PME-B  FOR  ATTITUDE  CONTROL 
ENABLE  REMS  B/D  DISABLE  ALL  A/C 
SELECT  PULSE  WIDTH  (AO,  100  OR  280  MS) 

ENABLE  PME-B  LATCH  VALVE  DRIVERS 

CONFIGURE  LATCH  VALVES 

DISABLE  PME-B  LATCH  VALVE  DRIVERS 

PM  Initialisation  for  Translation  Control  A-Slde 

ENABLE  PME-A  FOR  TRANSLATION  CONTROL 
ENABLE  REMS  A/C  FOR  TRANSLATION  CONTROL 
ENABLE  REMS  B/D  FOR  TRANSLATION  CONTROL 
ENABLE  PME-A  LATCH  VALVE  DRIVERS 
CONFIGURE  LATCH  VALVES 
DISABLE  PME-A  LATCH  VALVE  DRIVERS 
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PM  Initialization  for  Translation  Control  B-Side 

ENABLE  PME-B  FOR  TRANSLATION  CONTROL 
ENABLE  REMS  A/C  FOR  TRANSLATION  CONTROL 
ENABLE  REMS  B/D  FOR  TRANSLATION  CONTROL 
ENABLE  PME-B  LATCH  VALVE  DRIVERS 
CONFIGURE  LATCH  VALVES 
DISABLE  PME-B  LATCH  VALVE  DRIVERS 

PM  SAFING 

ENABLE  PME-A  LATCH  VALVE  DRIVERS 
CLOSE  LATCH  VALVE  1 AND  6 
CLOSE  LATCH  VALVE  2 AND  4 
CLOSE  LATCH  VALVE  3 AND  5 
DISABLE  PME-A  LATCH  VALVE  DRIVERS 
DISABLE  PME-A  FOR  ATTITUDE  CONTROL 
DISABLE  PME-B  FOR  ATTITUDE  CONTROL 
DISABLE  REMS  A/C  FOR  TRANSLATION  CONTROL 
DISABLE  REMS  3/D  FOR  TRANSLATION  CONTROL 

7.6.3  COMMAND  RESTRAINTS 


This  section  lists  the  command  restraints  associated  with  the  operation  of  the 
propulsion  module.  The  following  restraints  apply: 

© It  is  a recommended  operating  procedure  that  PME-A  be  selected  when 
using  ACE  t and  PME-B  be  selected  when  using  ACE  B. 

© PME-A  or  PME-B  must  be  enabled  for  attitude  control  if  off-pulsing  is 
required  during  an  orbit  adjust  maneuver. 
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7.7  .PM  TELEMETRY 

Operation  of  the  propulsion  module  is  monitored  using  48  telemetry  channels  of 
which  26  are  active  at a log,  19  are  conditioned  (passive)  analog,  two  are  bilevel 
digital,  and  cne  is  seii&l  digital. 

The  telemetry  points  are  listed  in  Table  7.7-1  and  described  in  Paragraphs 
7 *7. 1.1  thru  7. 7. 2. 3.  Telemetry  limits  appear  in  Table  7.7-2;  derivation 
circuits  appear  in  Section  7.7.3.  For  information  regarding  calibration  curves 
for  the  telemetered  functions,  see  Appendix  A. 7. 
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User 

ID 

Acronym 

Mode 

Limits 

Lower  Upper 

Eng 

Units 

PM-03 

ZTRMA1A3 

REM/SHELF 
HTR  PWR  ENA 

35 

85* 

°c 

PM- 04 

ZTRMA2A4 

REM/SHELF 
HTR  PWR  ENA 

35 

85* 

°c 

PM-05 

ZTRMB1B3 

REM/SHELF 
HTR  PWR  ENA 

35 

85* 

°c 

PM-06 

ZTRMB2E4 

REM/SHELF 
HTR  PWR  ENA 

35 

85* 

°c 

PM- 07 

ZTRMC1C3 

REM/SHELF 
HTR  PWR  ENA 

35 

85* 

°c 

PM-08 

ZTRMC2C4 

REM/SHELF 
HTR  PWR  ENA 

35 

85* 

°c 

PM-09 

ZTRKD1D3 

REM/ SHELF 
HTR  PWR  ENA 

35 

85* 

°c 

PM-10 

ZTRMD2D4 

REM/SHELF 
HTR  PWR  ENA 

35 

85* 

°c 

PM-11 

ZTTANK1 

REM/SHELF 
HTR  PWR  ENA 

10 

60 

°c 

PM-12 

ZTTAN1C2 

REM/SHELF 
HTR  PWR  ENA 

10 

60 

°c 

PM-13 

ZTTANK3 

REM/SHELF 
HTR  PWR  ENA 

10 

60 

°c 

^Excludes  firing 
120°C . 

temperature-. 

Firing  and  soakbaek  temperature 

upper  limit  =* 
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User 

ID 

Acronym 

Mode 

Limits 

Lower  Upp^»r 

Eng 

Units 

PH-14 

ZTLVILV4 

REM/SHELF 
HTR  PWR  ENA 

10 

60 

°C 

PH-15 

ZTLV2LV5 

REM/SHELF 
HTR  PWR  ENA 

10 

60 

°c 

PH-16 

ZTLV3LV6 

REM/SHELF 
HTR  PWR  ENA 

10 

60 

°c 

PM-17 

ZTBMCTR 

REM/SHELF 
HTR  PWR  ENA 

10 

60 

°c 

PM- 18 

ZTBKRMAB 

REM/SHELF 
HTR  PWR  ENA 

10 

60 

°c 

PM-19 

ZFULPSI 

REM/SHELF 
HTR  PVR  ENA 

50 

350 

- 

PS  I 

PM-48 

ZT1ATNK 

ATK  TANK 
HTR  ENA 

10 

60 

°c 

PM-49 

ZT1AFUL 

ATK  TANK 
HTR  ENA 

10 

60 

°c 

PH-50 

ZT1ALIN 

ATK  LINE 
HTR  ENA 

10 

60 

°c 
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7.7.1  ANALOG  TELEMETRY  MONITORS 


The  propulsion  module  utilises  45  analog  telemetry  monitors,  including  26  active 
and  19  passive  analog  telemetry  points*  These  points  are  listed  by  user  ID  in 
Table  7.7-1  and  7.7-2  for  telemetry  matrix  location  and  operating  limits 
respectively . The  following  paragraphs  describe  these  telemetry  monitors. 


7 .7 .1*1  Rocket  Engine  Module  Temperature  Monitors 


REM  A 
REM  A 
REM  B 
REM  B 
REM  0 
REM  C 
REM  D 


REM  D 


TEMP 

TEMP 

TEMP 

TEMP 

TEMP 

TEMP 

TEMP 

TEMP 


(PKE-A), 
(PME-A)t 
( PKE-A) , 
(PME-A), 
(PME-A), 
( PME-A) , 
(PME-A) , 
( PME-A) , 


TEMP 

TEMP 

TEMP 

TEMP 

TEMP 

TEMP 

TEMP 


TEMP  4 


(PME-B) 
( PME-B) 
(PME-B) 
( PME-B) 
(PME-B) 
(PME-B) 
(PME-B) 
(PME-B) 


(PH-03) 
(PM-04) 
(PM-05) 
(PM-06) 
(PM-07) 
(PM- 08) 
(PM- 09) 
(PM- 10) 


These  telemetry  points  monitor  the  temperature  of  the  four  REM" s as  measured  by 
passive  temperature  probes  indicating  individual  thruster  baseplate 
temperatures.  Identic*-  1 circuits  are  used  to  monitor  all  REM  temperatures,  with 
a typical  circuit  illustrated  in  Figure  7.7-1. 


7. 7. 1.2  Tank  Temperature  Monitors 


TANK  1 TEMP 
TANK  2 TEMP 
TANK  3 TEMP 


(PM-U) 

(f:  -12) 

(PM-13) 


These  telemetry  points  monitor  the  temperature  of  the  three  main  PM  fuel  t**.*ks 
as  measured  by  passive  temperature  probes.  Identical  circuits  are  used  to 
monitor  all  tank  temperatures,  with  a typical  circuit  illustrated  in  Figure 
7*7-1. 


7.7.1  * 3 La tch  Valve  Temperature  Monitors 

L/V  1 TEMP  (PME-A),  L/V  4 TEMP  (PME-B) 
L/V  2 TEMP  (PKE-A),  L/V  5 TEMP  (PME-B) 
L/V  3 TEMP  (PME-A),  L/V  6 TEMP  (PME-B) 


( PM- 14) 
(PM-15) 
( PM- 16) 


These  telemetry  points  monitor  the  temperature  of  the  six  latch  valves  as 
measured  by  passive  temperature  probes  on  each  valve.  Identic®!  circuit©  are 
used  to  monitor  fill  valve  temperatures  , with  a typical  circuit  illustrated  in 
Figure  7.7-1, 
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7.7.1 Beam  Temperature  Monitors 

BEAM  TEMP  CENTS K (PME- A)  * PME  (PME-B)  (PM-17) 

BEAM  TEMP  REM  A (PME* A),  REM  B ( PME-R)  (PM- 18) 

These  telemetry  point©  monitor  the  temperature  of  the  I-beam  structure  used  to 
support  the  three  main  propellant  tanks.  One  probe  monitor©  the  center  truss 
where  all  three  beams  meet.  The  other  sensor©  are  located  on  each  of  three 
arms.  Each  sensor  is  a passive  device,  with  a typical  telemetry  derivation 
circuit  illustrated  in  Figure  7.7-1* 

7.7.1  .5  Fuel  Tank  Pressure  Monitor 

Fuel  Tank  Pressure  (PM-19) 

This  telomotry  point  monitors  fuel  tank  manifold  pressure  via  a strain  gage 
sensing  element  as  shown  in  Figure  7.7-2.  The  pressure  transducer  senses 
absolute  pressure  throughout  the  range  from  aero  to  500  psia. 

7.7.1 .6  Heater  Power  Bus  Status  Monitor 

PR1/UEDUND  UTR  BUS  ENA/-D1SA  (FM-2C) 

This  telemetry  point  monitors  the  status  of  REM  and  shelf  heater  power s 
indicating  whether  the  prime  or  redundant  heater  bus  t»  enabled.  This  function 
is  defined  In  terms  of  telemetry  volts  as  follow©: 

Heater  Power  Bus  Status 

Primary  Redundant  TLM  Volts 


Disabled  Disabled  0.40 
Enabled  Disabled  2.65 
Disabled  Enabled  3.78 
Enabled  Enabled  4.99 


Heater  power  bus  status  is  derived  as  shown-  in  Figure  7.7-3.  Note  that  primary 
heater  power  bus  is  controlled  thru  PME  At  redundant  thru  PME  B. 

7.7.1 .7  Latch  Valve  Driver  Status  Monitor 


PME  A/B  LATCH  VALVE  DRIVER  ENA/D ISA  (PM-21) 

This  telemetry  point  monitors  the  status  of  the  latch  valve  drivers,  indicating 
whether  PME  A or  PME  R drivers  are  enabled.  Latch  valve  driver  status  is 
def  i tied  i n to  rms  o i tel  erne  try  volt  s a©  f o 1 lows : 
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Latch  Valve  Driver  Status 


PME  A PME  B TLM  Volts 

Disabled  Disabled  0,40 
Enabled  Disabled  2.65 
Disabled  Enabled  3.78 
Enabled  Enabled  4.99 


Latch  valve  driver  status  is  derived  as  shown  in  Figure  7.7-4. 

7 .7.1.8  Latch  Valve  Status  Monitor 

LATCH  VALVE  1,2,3  OPEN/CLOSED  (PM-22) 

LATCH  VALVE  4,5,6  OPEN/ CLOSED  (PM-23) 

These  telemetry  points  monitor  the  status  of  the  latch  valves,  indicating 
whether  they  are  open  or  closed.  Latch  valves  1 and  6 control  the  flow  of 
propellant  to  the  translation  thrusters,  while  latch  valves  2 thru  5 control  the 
flow  to  REM  A,  B,  C and  D attitude  thrusters  respectively.  Latch  valve  1,2,3 
status  is  defined  In  terms  of  telemetry  volts  as: 


Latch  Valve  Status 
1 2 

3 

Till  Volts 

, 

. — - 

— ■ 

Open 

Open 

Open 

0,400 

Open 

Open 

Closed 

1.879 

Open 

Closed 

Open 

2.462 

Clos ed 

Open 

Open 

3.025 

Open 

Closed 

Closed 

3.507 

Closed 

Open 

Closed 

3.952 

Closed 

Clos ed 

Open 

4.333 

Closed 

Closed 

Closed 

5.039 

Similarly,  latch 

valve  4,5,6 

status  Is 

defined  as: 

Latch 

4 

Valve 

5 

Status 

6 

TLM  Volts 

*— 

Open 

Open 

Open 

0.400 

Open 

Open 

Closed 

1.879 

Open 

Closed 

Open 

2.462 

Closed 

Open 

Open 

3.025 

Open 

Closed 

Closed 

3.507 

Closed 

Open 

Closed 

3.952 

Closed 

Closed 

Open 

4.333 

Closed 

Closed 

Closed 

5.039 

Latch  valve  status  is  derived  as  shown  In  Figure  7.7-5. 
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7. 7. 1.9  Attitude  Control  Electronics  Status  Monitor 

PMS  A/B  ATT  CONTROL  ENA/D  IS  A (PM-24) 

This  telemetry  point  indicates  which  set  of  propulsion  module  electronics  has 
been  selected  to  drive  the  attitude  control  thrusters*  Its  status  is  defined  in 
terms  of  telemetry  volts  as  follows: 


Selected  Electronics 

PHE  A PHE  B TLM  Volts 

Disabled  Disabled  0*40 

Enabled  Disabled  2*65 

Disabled  Enabled  3.78 

Enabled  Enabled  4 .99 


Attitude  control. electronics  status  is  derived  as  shown  In  Figure  7.7-6. 

7.7.1.10  Selected  Thruster  Pulse  Width  Telemetry 

PHE  A 40/100/280  MS  PULSE  SELECT  (FM-25) 

PHE  B 40/100/280  MS  PULSE  SELECT  (FM-26) 

These  telemetry  points  Indicate  thruster  pulse  width  duration  as  selected  for 
use  by  the  attitude  control  thrusters  and  are  defined  as: 

Selected  Pulse  Width  TLM  Volts 

280  msec  0.40 

100  msec  2.65 

40  msec  3.78 

Selected  thruster  pulse  width  telemetry  is  derived  as  shown  In  Figure  7.7-7. 

7 .7.1.11  ACS  Direct  Control  Input  Status  Monitor 

ACS  DIRECT  CONTROL  INPUTS  ENA/DISA  (PM-27) 

This  telemetry  point  monitors  the  status  of  the  direct  ACS  input  enable  relay, 
used  to  enable  direct  thruster  inputs  from  MACS  during  safe-hold.  Its  status  is 
defined  in  terms  of  telemetry  volts  as: 
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ACS  Direct 

Control  Input  Status 

PME  A 

PME  B 

TLM  Volts 

Enable 

Enable  • 

0.40 

Disable 

Enable 

2.65 

Enable 

Disable 

3.78 

Disable 

Disable 

4.99 

The  telemetry  derivation  circuit  for  this  function  is  illustrated  in  Figure 
7.7-8. 

7.7.1*12  REM  A/C  Attitude  Control  Thruster  Status  Monitor 


PME  A PCS  ATT  COOT  REM  A/C  ENA/DISA  (PM-28) 
PME  A NEG  ATT  COOT  REM  A/C  ENA/DISA  (PM-29) 
PME  B POS  ATT  COOT  R£M  A/C  ENA/DISA  (PM-30) 
PME  B NEG  ATT  COOT  REM  A/C  ENA/DISA  (PM-3I) 


These  telemetry  points  monitor  the  status  of  PME  A/B  REM  A/C  attitude  control 
thrusters , indicating  whether  the  + roll,  pitch  and  yaw  thrusters  are  enabled. 
These  functions  are  defined  interms  of  telemetry  volts  as  follows: 

REM  A/C 

Attitude  Control  Thruster  Status 


Roll 

Pitch 

Yaw 

TIil  Volts 

Disabled 

Disabled 

Disabled 

0.400 

Enabled 

Disabled 

Disabled 

1.879 

Disabled 

Enabled 

Disabled 

2.462 

Disabled 

Disabled 

Enabled 

3.025 

Enabled 

Enabled 

Disabled 

3.507 

Enabled 

Disabled 

Enabled 

3.952 

Disabled 

Enabled 

Enabled 

4.333 

Enabled 

Enabled 

Enabled 

5.039 

A circuit  typical  of  the  derivation  of  these  telemetry  points  i3  illustrated  in 
Figure  7.7-9. 

7.7.1.13  Generated  Attitude  Control  Pulse  Monitor 


PME  A POS  ATT  COOT  TORQ  PULSE  GEN  (PM-32) 
PME  A NEG  ATT  COOT  TORQ  PULSE  GEN  (PM-33) 
PME  B POS  ATT  CO NT  TORQ  PULSE  GEN  (PM-34) 
PME  B NEG  ATT  CONT  TORQ  PULSE  GEN  (PM-35) 


These  telemetry  points  monitor  what,  if  any,  attitude  control  thruster  pulses 
have  been  generated  by  either  PME  A or  PME  B.  An  indication  of  + roll,  pitch 
and  yaw  pulses  being  generated  is  included  in  these  function,  defined  in  terms 
of  telemetry  volts  as: 
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PME  A/PME  B 

Attitude  Control  Thruster  Pulse  Generated  TLH  Volts 

No  Pulses  0.400 

Roll  Pulse  1.879 

Pitch  Pulse  2.462 

Yaw  Pulse  3.025 

Roll,  Pitch  Pulse  3.507 

Roll,  Yaw  Pulse  ' 3.952 

Pitch,  Yaw  Pulse  4.333 

Roll,  Pitch,  Yaw  Pulse  5.039 


These  telemetry  functions  are  derived  as  shown  in  Figure  7.7*10. 
7.7.1.14  Translation  Control  Electronics  Status  Monitor 


PME  A/B  TRANSLATION  CONTROL  ENA/DISA  (PM-36) 

This  telemetry  point  indicates  which  set  of  propulsion  module  electronics  has 
been  selected  to  drive  the  translation  control  thrusters.  Its  status  is  defined 
in  terms  of  telemetry  volts  as  follows: 

Selected  Electronics 

PME  A PME  B TLM  Volts 


Disabled  Disabled  0.40 
Enabled  Disabled  2.65 
Disabled  Enabled  3.78 
Enabled  Enabled  4.99 


Translation  control  electronics  status  is  derived  as  shown  in  Figure  7.7-11. 

7.7.1.15  Translation  Control  REM  Select  Monitors 

PME  A TR  CO NT  REM  A/C.B/D  ENA/DIS  (PM-37) 

PME  B TR  COOT  REM  A/C,B/D  ENA/DIS  (PM- 38) 

These  telemetry  points  indicate  which  pair  of  REM's  have  been  selected  for 
translation  control.  The  function  of  these  monitors  are  identical  for  PME  A and 
PME  B,  defined  in  terms  of  telemetry  volts  as: 


Translation  Control 
Selected  Rem  Pair 

A/C  B/D  TLM  Volts 


Disabled  Disabled 
Enabled  Disabled 

Disabled  Enabled 
Enabled  Enabled 


2.65 

3.78 

4.99 
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The  telemetry  derivation  circuit  for  these  functions  is  shown  in  Figure  7 .•7-1 2. 

7 .7 .1.16  Translation  Control  Thruster  Firing  Monitors 

REM  A/C  TRANSL  CONT  THRUSTERS  ON/OFF  (PM-39) 

REM  B/D  TRANSL  CONT  THRUSTERS  ON/OFF  (PM-40) 

These  telemetry  points  monitor  actual  translation  control  thruster  firings, 
indicating  which  individual  translation  control  thrusters  are  fired.  The  status 
of  REM  A/C  translation  control  thrusters  is  defined  in  terms  of  telemetry  volts 
as : 

REM  A/C 

Translation  Control  Thruster  Status 


Al 

Cl 

TLM  Volts 

Off 

Off 

0.40 

Fired 

Off 

2.65 

Off 

FI  red 

3.78 

Fired 

Fired 

4 .99 

Similarly,  REM  B/D  translation  control  thruster  status  is  defined  as: 
REM  B/D 

Translation  Control  Thruster  Status 


51 

TLM  Volts 

Off 

Off 

0.40 

Fired 

Off 

2.65 

Off 

Fired 

3.78 

Fired 

Fired 

4.99 

The  telemtry  derivation  circuit  for  these  functions  is  illustrated  in  Figure 
7 . 7-13* 

7.7.1,17  Attitude  Control  Thruster  Firing  Monitors 

REM  A ATT  CONTROL  THRUSTERS  ON/OFF  (FM-41) 

REM  B ATT  CONTROL  THRUSTERS  ON/OFF  (PM-42) 

REM  C ATT  CONTROL  THRUSTERS  ON/OFF  (PM-43) 

REM  D ATT  CONTROL  THRUSTERS  ON/OFF  (FK-44) 

These  telemetry  points  monitor  actual  attitude  control  thruster  firings, 
indicating  which  individual  attitude  control  thrusters  are  fired.  Indication  of 
attitude  control  thruster  firings  is  identical  for  each  REM,  defined  in  terms  of 
telemetry  volts  as: 


LSP-WFC-263 


7-0  3 


9 

ORIGINAL  PAGtf  I?’, 

OF  POOR  QUALITY  SVS-10266 

31  December  1981 

Attitude  Control  Thruster  Status 


THE  2 

THR  3 

THR  4 

TIM  Volts 

Off 

Off 

Off 

0.400 

Fired 

Off 

Off 

1.879 

Off 

Fired 

Off 

2.462 

Off 

Off 

Fired 

3.025 

Fired 

Fired 

Off 

3.507 

Fired 

Off 

Fired 

3.952 

Off 

Fired 

Fired 

4.333 

Fired 

Fired 

Fired 

5.039 

The  telemetry  derivation  circuit  for  these  functions  is  illustrated  in  Figure 
7.7-14. 

7.7.1. 18  Auxiliary  Tank  Kit  Temperature  Monitors 

ATK  Tank  Temperature  (PM-48) 

ATK  Fuel  Temperature  (PM-49) 

ATK  Line  Temperature  (PM-5G) 

These  telemetry  points  monitor  the  temperature  of  the  auxiliary  tank  kit  as 
measured  by  passive  temperature  probes  indicating  tank,  fuel  and  line 
temperatures.  Identical  circuits  are  used  to  monitor  all  three  temperatures, 
with  a typical  circuit  illustrated  in  Figure  7.7-1 . 

IJote  that  the  ATK  telemetry  interface  is  thru  the  signal  conditioning  and 
control  unit  rather  than  the  PM. 

7.7.2  DIGITAL  TELEMETRY  MONITORS 

The  propulsion  module  utilizes  three  digital  telemetry  monitors.  Of  these,  two 
are  bilevel  status  words,  while  the  third  is  & serial  digital  word.  Each  word 
is  defined  in  the  following  paragraphs. 

7.7.2.!  Bilevel  Word  01  (FM-01)  } 

This  telemetry  function  consists  of  eight  bilevel  status  bits  combined  to  form 
telemetry  word  PM-01 . The  bits  define  or  partially  define  the  status  of  the 
propulsion  module  remote  interface  units,  and  primary  REM  and  shelf  heaters. 
Bilevel  word  01  is  defined  as: 
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Bit  Weight  2 7 26  25  24  23  22  21  2° 

< PM-01 — > 

BO  BX  B2  B3  B4  B5  B6  B7 

Function 

RIU  05  MATE  STANDBY  1/OFF 
RIU  05  B ON/A  ON 
UNUSED  BIT  1 

REM  A PRI  HTR  THMSTAT  SEL  RED/PRI 
REM  B PRI  HTR  THMSTAT  SEL  RED/PRI 
REM  C PRI  HTR  THMSTAT  SEL  RED/PRI 
REM  D PRI  HTR  THMSTAT  SEL  RED/PRI 
SHELF  PRI  HTR  THMSTAT  SEL  RED/PRI 

.Bits  0 and  1 indicate  the  status  of  RIU  A and  B,  either  of  which  can  be  in  one 
of  three  modes;  Off,  Standby  1,  or  On.  Note,  both  RIU's  cannot  be  on 
simultaneously.  Bit  0 (ZMATENF)  indicates  the  state  of  the  mate  to  the  current 
RIU  In  use.  Bit  1 (ZRIUSBA)  indicates  which  RIU  Is  currently  in  use.  Together 
these  two  bits  define  RIU  status. 


ZRTUSBA 

ZMATENF 

RIU 

Status 

B1 

BO 

A 

B 

0 

0 

On 

Off 

0 

1 

On 

Standby  1 

1 

1 

Standby  1 

On 

1 

0 

Off 

On 

Bits  3 thru  7 indicate  which  thermostats  are  being  used  for  primary  REM  and 
shelf  heater  control,  and  are  derived  as  shown  In  Figure  7.7-15.  Bilevel  status 
is  defined  as; 


User  ID 
Bit  ID 

Bit 

BO 

B1 

B2 

B3 

B4 

B5 

B6 

B7 


Bilevel  Status 


Primary  Heater 
Thermostat  Selected 


0 

1 


Prime 

Redundant 
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7 .7 .2.2  Bilevel  Word  02  (PM-02) 

This  telemetry  function  consists  of  eight  bilevel  status  bits  combined  to  form 
telemetry  word  PM-02.  The  bits  define  tie  state  of  the  redundant  REM  and  shelf 
heaters.  Bilevel  word  02  is  defined  as: 

Bit  Weight  27  26  25  24  23  22  .2*  2° 

User  ID  < PM-02-- — > 

Bit  ID  BO  B1  B2  B3  B4  B5  B6  B7 

Bit  Function 

BO  REM  A RED  HTR  THMSTAT  SEL  RED/PRI 

B1  REM  B RED  HTR  THMSTAT  SEL  RED/PRI 

B2  REM  C RED  HTR  THMSTAT  SEL  RED/PRI 

B3  REM  D RED  HTR  THMSTAT  SEL  RED/PRI 

B4  SHELI  RED  HTR  THMSTAT  SEL  RED/PRI 

B5  UNUSED  BIT  « 1 

B6  UNUSED  BIT  » 1 

B7  UNUSED  BIT  “ 1 

Bits  0 thru  4 indicate  which  thermostats  are  being  used  for  redundant  REM  and 
shelf  heater  control,  and  are  derived  as  shown  in  Figure  7.7-15.  Bilevel  status 
is  defined  as: 


Redundant  Heater 

Bilevel  Status  Thermostat  Selected 


0 

1 


Prime 

Redundant 


7 .7 .2 .3  Serial  Digital  Word  Z1AHTRS  (PM-45) 

This  telemetry  function  consists  of  eight  bilevel  status  hi  a combined  to  form 
telemetry  word  PM-45,  The  bits  aefine  the  state  of  the  prime  and  redundant 
Auxiliary  Tank  Kit  (ATK)  thermal  control  functions:  Z1AHTRS  is  defined  as: 

Bit  Weight  27  26  25  24  23  22  21  2° 


User  ID 

* 

—PM-45— 

> 

Bit  ID 

BO  B1  B2 

B3  B4  E5 

B6  B7 

Bit 

Function 

SO 

UNUSED  BIT  - 1 

SI 

UNTIED  BIT  - 1 

S2 

PRIMARY  TANK 

HEATER 

ENABLE/DISABLE 

S3 

-ATK  PRIMARY  LINE 

HEATER 

ENABLE/DISABLE 

S4 

ATK  LINE  HEATER  THERMOSTAT 

BYPASS/ENABLE 
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S3  ATK  REPUNPAKT  TANK  HEATER  ENABLE/DISABLE  - 

56  ATK  REDUNDANT  LINE  HEATER  ENABLE/DISABLE 

57  ATK  TANK  HEATER  THERMOSTAT  BYPASS /ENABLE 

The  tank  and  line  heater  telemetry  functions  monitor  ;he  status  of  the  ATK  prime 
and  redundant  heater  control  rela>s*  lefined  as: 

Yank /Line 

Bilevel  Status  Heater  Mode 

0 Disable 

1 Enable 

The  tank  and  line  heate r thermostat  telemetrv  functions  monitor  whether  the 
heaters  are  controlled  closed  loop  with  a thermostat  or  orer?  loop  with  the 
thermostat  bypassed.  Bilevel  status  is  defined  as: 

Tank /Line 

Bilevel  Status  Then ios tat  Mtde 


0 Enabled 

1 Bypassed 

Note  that  the  ATK  telemetry  interface  is  through  the  signal  conditioning  and 
control  unit  rather  than  the  PM. 

7.7.3  TELEMETRY  DERIVATION  CIRCUITS 

This  section  provides  functional  schematics  of  the  telemetry  circuits  referenced 
in  the  proceeding  paragraphs.  The  schematics  have  been  simplified  and  are 
provided  as  an  aid  to  understanding  the  telemetry  interface. 
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7.7-2.  Fuel  Tank  Pressure  Monitor 
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Figure  7.7-3,  Heater  Power  Bus  Status  Monitor 
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.7-8.  ACS  Direct  Control 
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Figure  7.7-10.  Generated  Attitude  Control  Pulse  Monitor 
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Figure  7.7-11.  Translation  Control  Electronics  Status  Monitor 
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Figure  7,7-13.  Translation  Control  Thruster  Firing  Monitors 
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Figure  7.7-15.  Hester  Thermostat  Selection  Monitor 
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SECTION  8.0 

SIGNAL  CONDITIONING  AND  CONTROL  UNIT  (SC&CU) 

8.1  FUNCTIONAL  DESCRIPTION 

The  SC&CU  is  mounted  on  a longeron  of  the  spacecraft  structure  between  the 
Modular  Power  Subsystem  (MPS)  and  the  Communications  and  Data  Handling  (C&DH) 
modules  as  shown  in  Figure  8.1-1.  Power  for  the  SC&CU  is  provided  from  the  MPS 
by  two  unfused,  redundant  power  buses.  All  bus  protection  circuitry  for  the 
SC&CU  circuitry  and  its  loads  is  provided  within  the  unit. 

Commands  and  telemetry  interfaces  with  the  SC&CU  via  a redundant  Multiples  Data 
Bus  (MDB)  that  interfaces  the  C&DH  module  with  all  subsystems  and  the  payload. 
Commands  and  telemetry  are  decoded  and  multiplexed  by  a redundant  pair  of  Remote 
Interface  Unit  (RIU).  The  SC&CU  conditions  the  commands  issued  by  the  El.U^.s  and 
the  telemetry  inputs  to  the  RIU"s  as  required  for  the  controlled  functions. 
Figure  8.1-2  is  a functional  block  diagram  of  SC&CU  external  interfaces,  while 
Figure  8.1-3  is  a functional  block  diagram  of  SC&CU  Internal  interfaces.  Figure 

8.1- 4  details  the  functional  interfaces  between  the  SC&CU  and  the  FDU.  Figure 

8.1- 5  details  the  Instrument  Module  Heater  Control. 

8.2  PERFORMANCE  CAPABILITIES 
8 .2 .1  POWER  CONSUMPTION 

The  power  consumption  in  the  SC&CU  control  and  monitoring  circuits  is  less  than 
15  watts  on  an  orbital  average  basis,  including  the  RXU^s  but  exclusive  of 
heaters.  Heater  power  does  not  exceed  25  watts  on  an  orbital  average  basis. 
Average  RIU  power  Is  less  than  4.6  watts  total  for  the  two  RIU"$. 
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Figure  8 . 1-1 . SC&CU  Location  on  Flight  Segment 
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Figure  8.1-2.  SC&CU  External  Interfaces 


LSD-WPC-263 


8-3 


SVS-10266 
31  December  1981 

ORIGINAL  PAGE  IS 
OF  POOR  QUALITY 


jettison  towsr 

JETTISON  COttTBOl 
HARD  LINE  HEATER  C&? 


m t&  nwiMmmm  tscim 

VRUCTURg  TSM?., TENSORS  ISCKTO 


mirasma 

CftOHREKVimE 
m 4 a temp  sensors  qcxtsi 

“ZHI&TWr  tlm 


SYSTEMS  MOW! TOR  12CKTSI 


, v 1 a m&y  Mvmm  pmo$ 

mmv  egnov  pysc®  i4ckt%\ 

mr.  pmcvmm g ocrm 

AWT.  ^TTiEOM  PVR03  £g  CRTS!  ' 

PSS4A  HEATERS  14  Cm) 
PM4A.CMPIH.TgRPACEf4ClCT»l| 
FftYLOAO  H^AYgiilSeKfiP^ 


HM 

f AVjQAP.HgATgRT  19  CKTSt 


Cmm  s) 

gTRtjCTtmj^  mm  fit  mmym , 


Ui^i 


t rntgRpAcs  m 


£h*l 


ICftCU 


to?  era 


Figure  8.1-3.  SC&CU  Internal  Interfaces 
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Figure  8.1-4.  SC&CU/PDU/TH  Functional  Interfaces 
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Figure  8.1-5.  Instrument  Module  Heater  Control 
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8*2.2  COMMAND  AND  TELEMETRY 

Redundant  command  and  telemetry  circuitry  is  provided  for  all  SC&CU  functions 
except  as  specifically  defined.  This  shall  be  implemented  by  the  use 
redundant  RIU's. 

8.2.3  HEATERS 

8.2. 3.1  Flight  Heaters 

1.  Spacecraft  Structure  and  SC&CU  Heaters  - The  spacecraft  structure 
heaters  have  a maximum  capacity  of  1.0  ampere. 

2.  Payload  Heaters  - The  SC&CU  shall  provide  bus  protection  and  power 
control  circuitry  for  eight  payload  heater  circuit  configurations. 
Each  circuit  is  capable  of  controlling  a maximum  current  of  1.20 
amperes  at  maximum  bus  voltage. 

3.  PM-IA  Heaters  - The  SC&CU  provides  bus  protection  and  power  control 
circuitry  for  two  redundant  PM-IA  heaters,  both  of  which  contain 
thermostat  bypass  capability. 

8*2. 3.2  Hardline  Heaters 

A hardline  heater  circuit  is  provided  in  the  SC&CU.  The  heater (s)  and 
thermos  tat(s)  are  sized  to  maintain  survival  temperatures  for  all  SC&CU 
circuitry  when  spacecraft  power  is  turned  off  for  resupply  operations.  The 
heater  circuit  is  designed  for  operation  on  a 28  +4  V DC  power  source  and  is 
electrically  isolated  from  all  other  spacecraft  circuitry. 

8.2.4  TEMPERATURE  SENSORS 

The  SC&CU  has  the  capability  for  redundantly  monitoring  temperatures  at  six 
locations  on  the  MMS  structure. 

In  addition,  the  internal  temperatures  of  each  of  the  two  RIU's  are  monitored  by 
connecting  each  RIU's  temperature  sensor  to  both  RIU"s.  External  shunt 
resistors  are  not  required  because  the  RIU^s  contain  internal  shunt  resistors. 

The  SC&CU  accommodates  six  redundant  temperature  sensors  (three  primary  and 
three  backup)  at  three  locations  for  PM-IA  tank  and  line  temperature  monitoring. 
These  sensors  do  not  require  conditioning  circuitry. 

The  SC&CU  also  accommodates  two  internal  standard  range  temperature  sensors*  A 
precision  5.1-kilohtn  resistor  is  provided  in  the  SC&CU  for  paralleling  each 
thermistor. 
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8.2.5  PYROTECHNIC  CIRCUITRY 

The  SC&CU  provides  redundant  pyrotechnic  arming,  aafing  and  firing  circuitry  for 
all  spacecraft  pyrotechnic  devices.  The  circuitry  is  designed  to  fire  Type 
NSI-1  NASA  Standard  Initiators. 

The  circuitry  provides  commandable  safe/ara  switching  and  a manual  safe test 
interface  with  provisions  for  checking  firing  circuit  characteristics  with  the 
arming  plug  installed.  Each  firing  circuit  provides  individual  fusistors  for 
firing  two  pyrotechnic  devices  simultaneously . The  firing  pulse  is  at  least  50 
ms  of  switched  28-volt  power*  For  some  applications s only  one  initiator  can  be 
used  for  each  firing  circuit;  however,  each  circuit  has  provisions  for  two 
initiators. 

8. 2. 5.1  Solar  Array  Deploy  Pyrotechnic  Circuitry 

Four  primary  and  four  redundant  pyrotechnic  firing  circuits  are  provided  from 
dedicated  primary  and  redundant  pyrotechnic  arming  buses  for  deployment  of  the 
solar  array*  The  solar  array  pyrotechnic  circuitry  is  capable  of  meeting  the 
following  requirements: 

1.  Able  to  group-arm  and  group-safe  all  the  solar  array  deployment 

functions. 

2 . Able  to  arm  and  then  fire  four  brldgewires  (primary  and  redundant 

sides  of  two  pyrotechnic  devices)  simultaneously  from  the  '‘A”  side, 
with  capability  of  arming  and  firing  the  same  four  brldgewires  from 
the  "BM  side.  It  is  able  to  arm  and  then  fire  the  remaining  four 
brldgewires  (primary  and  redundant  sides  of  two  pyrotechnic  devices) 
simultaneously  from  the  "AM  side,  with  capability  of  arming  and  firing 
the  same  four  brldgewires  from  the  MBM  side* 

8. 2. 5. 2 Boom  Antenna  Pyrotechnic  Circuitry 

Four  primary  and  four  redundant  pyrotechnic  firing  circuits  are  provided  via 
dedicated  primary  and  redundant  pyrotechnic  arming  buses.  The  payload 
pyrotechnic  circuitry  Is  capable  of  meeting  the  following  requirements: 

1.  Able  to  group-arm  and  group-safe  all  the  antenna  deployment  functions. 

2.  Able  to  arm  and  then  fire  three  brldgewires  (primary  side  of  three 

pyrotechnic  devices)  from  the  "A"  side  with  the  capability  of  arming 
and  firing  three  bridgewrles  (redundant  side  of  thre  pyrotechnic 
devices)  from  the  r‘B”  side.  Each  bridge  wire  is  to  be  aimed  and  fired 
separately. 

3.  Has  a spare  primary  and  spare  redundant  arming  and  firing  circuit. 
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8.2.6  JETTISON  CIRCUITRY 

The  following  circuitry  is  provided  for  jettisoning  appendages  during  retrieval 
operations: 

8. 1.6.1  Hardline  Jettison 

Circuitry  is  provided  for  jettisoning  appendages  during  retrieval  operations  by 
hardline  control  from  the  Shuttle  Flight  Support  System  (FSS) . Power,  arming 
and  firing  circuitry  provided  as  part  of  the  FSS  shall  control  safe/fire  relays 
in  the  SC&CU  via  a hardline  umbilical  circuit.  The  switched  power  provided  for 
firing  the  pyros  is  28  +4  volts.  Each  firing  circuit  in  the  SC&CU  is  controlled 
via  level-type  relays  that  safe  the  pyros  when  de-energized.  Each  circuit  is 
capable  of  firing  two  Type  NSI-l  NASA  Standard  Initiators  vis  separate 
fusistors.  The  hardline  jettison  circuitry  Is  capable  of  meeting  the  following 
requirements : 

1.  Able  to  fire  a primary  side  bridgewire  from  the  MA”  side  with 
capability  of  firing  the  redundant  side  bridgewire  from  the  "B"  side 
to  Jettison  the  solar  array. 

2.  Able  to  fire  two  bridgewires  (primary  side  of  two  pyrotechnic  devices) 

fro  the  *'A"  side  with  capability  of  firing  two  bridgewires  (redundant 

side  of  two  pyrotechnic  devices)  from  the  side  to  jettison  the 
antenna  boom.  Each  bridgewire  is  to  be  fired  separately. 

3.  Has  a spare  primary  and  redundant  firing  circuit. 

8.2. 6. 2 Command  Jettison 

Four  primary  and  four  redundant  firing  circuits  are  provided  via  dedicated 
primary  and  redundant  pyrotechnic  firing  buses  for  commandable  jettison  of 
appendages.  The  command  jettison  circuitry  are  capable  of  meeting  the  following 
requirements: 

1.  Able  to  group-arm  and  group-safe  all  command  jettison  functions* 

2.  Able  to  arm  and  fire  two  bridgewires  (primary  side  of  two  pyrotechnic 

devices)  from  the  MA‘‘  side  with  capability  of  arming  and  firing  two 
bridgewires  (redundant  side  of  two  pyrotechnic  devices)  from  the  MBM 
side  to  jettison  the  antenna  boom-  Each  bridgewire  is  armed  and  fired 
separately.  The  two  arming  and  firing  circuits  are  configured  to  fire 
the  same  bridgewire  as  the  hardline  jettison  circuits  tw  jettison  the 
antenna  boom. 

3.  Has  two  spare  primary  and  two  spare  redundant  firing  circuits. 
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8.2.7  EARTH  SENSOR  ASSEMBLY  MODULE  (ESAM) 

8. 2. 7.1  Commands 

The  SC&CU  provides  ten  redundant  discret?.  commands  (ten  from  each  RXU)  for  ESAK 
control.  The  commands  are  grouped  so  that  five  are  associated  with  the  28-V 
Pulse  Bus  I and  five  with  the  28-V  Pulse  Bus  II.  In  addition,  both  28-V  pulse 
buses  are  provided. 

8. 2. 7. 2 Telemetry 


The  SC&CU  provides  sixteen  redundant  active  analog  telemetry  channels  for  ESAM 
monitoring.  RIU  channel  assignments  are  selected  so  that  the  ESAM  telemetry 
return  is  not  common  with  any  other  SC&CU  telemetry  functions. 

8. 2. 7. 3 Power 

The  SC&CU  provides  fused,  unregulated  power  to  the  ESAM.  The  fuBe  size  is  2.0 
amperes. 

8.3  MODES  OF  OPERATION 

Deploy:  Solar  array  and  antenna  boom 

Operate:  MMS  heaters,  1M  heaters,  SC&CU  heaters. 

Jettison:  Antenna  Boom  - transmit  jettison  command  from  Ground  Station  or  space  shuttle. 

Solar  Array  - transmit  jettison  command  from  space  shuttle. 


8.4  CONSTRAINTS 

Time  between  execution  of  SC&CU  seri*1  commands  Is  128  milliseconds  (10  commands 
per  second). 

8.5  REDUNDANCY 


The  SC&CU  subsystem  is  completely  redundant.  Dual  components  and  circuits  are 
provided  for  all  functions,  (refer  to  Figure  8*1-6). 
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8.6  SC&CU  COMMANDS 

The  redunu^nt  Rill's  contained  in  the  SC&CU  module  (RID  4 A and  43}  provide 
commands  fot  SC&CU  functions  and  for  the  Earth  Sensor  Assembly  Module  (ESAM)* 
Any  command  may  be  executed  by  either  RIU. 

Discrete  commands  are  listed  in  Table  8.6-1  * which  contains  the  command  address 
(R.IU  and  channel)  and  the  unique  acronym  assigned  to  each  command  function. 
ESAM  commands  in  the  table  are  listed  for  information  only;  those  commands  are 
described  in  Section  3.6  (MACS  commands). 

All  serial  magnitude  commands  are  sent  to  address  470  (RIU  4,  serial  command 
enable  line  0).  Table  8.6-2  contains  the  unique  acronyms  assigned  to  specific 
serial  command  bit  patterns  and  functions.  In  the  DATA  column,  the  16-bit 
magnitude  data  is  presented  in  hexadecimal  form. 

Table  8.6-3  provides  command  verification  via  SC&CU  telemetry.  In  addition,  the 
table  indicates  prerequisite  commands  (or  states)  and  complementary  commands. 

Command  descriptions  are  pro%*ided  in  Section  8.6.1,  command  sequences  in  Section 
8.6.2,  and  command  restraints  in  Section  8.6.3. 
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Table  8*6-1.  Discrete  Commands 


RIU 

CHAN 

Acronym 

1 

Command  Name 

4 

00 

SRXUEN 

SC&CU  COMMANDS: 

RIO  4 SELF  ENABLE  (STANDBY  1 ) 

4 

63 

RIUSB2 

RIU  4 SELF  STANDBY  2 (MATE  RIU  DISABLE) 

4 

26 

HRIUDI 

RIU  4 MATE  DISABLE  (BACKUP) 

4 

49 

SCUAON 

SC&CU  A ON/B  OFF 

4 

53 

SCUB0N 

SC&CU  B ON/A  OFF 

4 

01 

AP YREN 

ENABLE  A SIDE  PYROS 

4 

11 

AFYRDI 

DISABLE  A SIDE  PYROS 

4 

36 

BPYREN 

ENABLE  B SIDE  PYROS 

4 

46 

BPYRDI 

DISABLE  B SIDE  PYROS 

4 

04 

ENAHTA 

SC&OJ  HEATER  A ENABLE 

4 

14 

DISHTA 

SC&CU  HEATER  A DISABLE 

4 

21 

BYPTHA 

SC&CO  HEATER  A THERMO  STAX  BYPASS 

4 

31 

EKATHA 

SC&CO  HEATER  A THERMOSTAT  ENABLE 

* 4 

33 

EKAHTB 

SC&CU  HEATER  B ENABLE 

4 

43 

DISHTB 

SC&CU  HEATER  B DISABLE 

j 4 

48 

BY  PTES 

SC&CU  HEATER  B THERMOSTAT  BYPASS 

j 4 

58 

ENATHB 

SC&CU  HEATER  B THERMOSTAT  ENABLE 

4 

18 

ES10N 

ESAM  COMMANDS  : 
ESA  1 POWER  ON 

4 

13 

ESIO'PF 

ESA  1 POWER  OFF 

4 

40 

ES1HTEN 

ESA  1 HEATER  ENABLE 

4 

25 

ES1HTDIS 

ESA  1 HEATER  DISABLE/LOGIC  DISABLE 

4 

07 

ES20N 

ESA  2 POWER  ON 

; 4 

34 

ES20FF 

ESA  2 POWER  OFF 

4 

19 

ES2BTEN 

ESA  2 HEATER  ENABLE 

4 

54 

ES2HTEIS 

ESA  2 HEATER  DISABLE/LOGIC  DISABLE 

4 

39 

ES2L0GEN 

ESA  2 LOGIC  ENABLE 

i 4 

.1 

1 

60 

ES1L0GEN 

ESA  1 LOGIC  ENABLE 

NOTE:  £S AH  commands  are  listed  for  information  on3y.  Section  3.6  contains 

ESAM  command  descriptions. 
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Table  8.6-2.  Serial  Command  Acronyms 


Data 

Acronym 

Command  Name 

1173 

S1HAEN 

PAYLOAD  HEATER  COMMANDS : 

UPPER  SUPPORT  STRUCTURE  HEATER  1 A ENABLE 

21B3 

S1HADX 

UPPER  SUPPORT  STRUCTURE  HEATER  1 A DISABLE 

3133 

S1HBEN 

UPPER  SUPPORT  STRUCTURE  HEATER  1 B ENABLE 

41D3 

S1HBDX 

UPPER  SUPPORT  STRUCTURE  HEATER  1 B DISABLE 

5153 

S1THBY 

UPPER  SUPPORT  STRUCTURE  HEATER  1 THERMOSTAT  BYPASS 

6193 

S1THEN 

UPPER  SUPPORT  STRUCTURE  HEATER  1 THERMOSTAT  ENABLE 

7113 

S.BHAEN 

DASB  RADIATOR  PRIMARY  HEATER  ENABLE 

81E3 

SBEADX 

DASB  RADIATOR  PRIMARY  HEATER  DISABLE 

9163 

SBHBEN 

DASB  RADIATOR  REDUNDANT  HEATER  ENABLE 

A1A3 

SBEBDI 

DASB  RADIATOR  REDUNDANT  HEATER  DISABLE 

B123 

SBXHBY 

DASB  RADIATOR  HEATER  THERMOSTAT  BYPASS 

C1C3 

SBXHEN 

DASB  RADIATOR  HEATER  THERMOSTAT  ENABLE 

1274 

MAHAEH 

TH/MISSION  ADAPTER  PRIMARY  HEATER  ENABLE 

22B4 

M&HADI 

TM/MISSION  ADAPTER  PRIMARY  HEATER  DISABLE  , 

3234 

MAHBEN 

TM/ MISSION  ADAPTER  REDUNDANT  HEATER  ENABLE  S 

42D4 

MAHBDI 

TM/MISSION  ADAPTER  REDUNDANT  HEATER  DISABLE  j 

5254 

MATHBY 

TM/KISSION  ADAPTER  HEATER  THERMOSTAT  BYPASS  ; 

6294 

KATHEN 

TM/MISSION  ADAPTER  HEATER  THERMOSTAT  ENABLE  j 

7214 

HSHAEH 

MSS  INTERFACE  PRIMARY  HEATER  ENABLE  - 

82  E4 

HSHADI 

MSS  INTERFACE  PRIMARY  HEATER  DISABLE  j 

9264 

HSHBEN 

MSS  INTERFACE  REDUNDANT  HEATER  ENABLE  I 

A2A4 

HSHBDX 

MSS  INTERFACE  REDUNDANT  HEATER  DISABLE  J 

B224 

MSXHBY 

MSS  INTERFACE  HEATER  THERMOSTAT  BYPASS  \ 

C2C4 

MSTHEN 

MSS  INTERFACE  HEATER  THERMOSTAT  ENABLE 

1375 

WBHAEN 

WB  MODULE  INTERFACE  PRIMARY  HEATER  ENABLE 

23B5 

WEHADI 

WB  MODULE  INTERFACE  PRIMARY  HEATER  DISABLE 

3335 

WBHBEH 

WB  MODULE  INTERFACE  REDUNDANT  HEATER  ENABLE 

43D5 

WBHBDI 

WB  MODULE  INTERFACE  REDUNDANT  HEATER  DISABLE 

5355 

WBTHBY 

WB  MODULE  INTERFACE  HEATER  THERMOSTAT  BYPASS 

6395 

WBXHEN 

WB  MODULE  INTERFACE  HEATER  THERMOSTAT  ENABLE 

7315 

S.2HAEN 

UPPER  SUPPORT  STRUCTURE  HEATER  2A  ENABLE 

83E5 

S2HADI 

UPPER  SUPPORT  STRUCTURE  HEATER  2A  DISABLE 

9365 

S2HBE.N 

UPPER  SUPPORT  STRUCTURE  HEATER  2B  ENABLE 

A3A5 

S2KBDI 

UPPER  SUPPORT  STRUCTURE  HEATER  2B  DISABLE 

B325 

S2XHBY 

UPPER  SUPPORT  STRUCTURE  HEATER  2 THERMOSTAT  BYPASS 

C3C5 

S2THEN 

UPPER  SUPPORT  STRUCTURE  HEATER  2 THERMOSTAT  ENABLE 

1476 

THHAEN 

TM  SAFEHOLD  HEATER  1 ENABLE 

24B6 

XHHADI 

TM  SAFEHOLD  HEATER  1 DISABLE 

| 3436 

i 

i 

TMEBEN 

TM  SAFEHOLD  HEATER  2 ENABLE  j 

j 
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Table  8.6*2 * Serial  Cosnaand  Acronyms 


Data 

Acronym 

Command  Name 

44D6 

TMHBDI 

TM  SAFE HOLD  HEATER  2 DISABLE 

5456 

THTHBY 

TM  SAFE HOLD  HEATER  THERMOSTAT  BYPASS 

6496 

TMTHEN 

TM  SAFEHOLD  HEATER  THERMOSTAT  ENABLE 

7416 

PH8AEN 

PAYLOAD  HEATER  8 PRIMARY  ENABLE 

84E6 

PH8ADI 

PAYLOAD  HEATER  8 PRIMARY  DISABLE 

9466 

PH8BEN 

PAYLOAD  HEATER  8 REDUNDANT  ENABLE 

A4A6 

PH8BDI 

PAYLOAD  HEATER  8 REDUNDANT  DISABLE 

B426 

PTH8BY 

PAYLOAD  THERMOSTAT  8 BYPASS 

C4C6 

PTH8EN 

PAYLOAD  THERMOSTAT  8 ENABLE 

MMS  STRUCTURE  HEATER  COMMANDS: 

1577 

SCH1EN 

SPACECRAFT 

HEATER  1 ENABLE 

25B7 

S CHID I 

SPACECRAFT 

HEATER  1 DISABLE 

3537 

SCTH1 BY 

SPACECRAFT 

THERMOSTAT  1 BYPASS 

45D7 

SCTH1EN 

SPACECRAFT 

THERMOSTAT  1 ENABLE 

5557 

SCH2EN 

SPACECRAFT 

HEATER  2 ENABLE 

6597 

SCH2DI 

SPACECRAFT 

HEATER  2 DISABLE 

7517 

SCTH2BY 

SPACECRAFT 

THERMOSTAT  2 BYPASS 

85E7 

SCTH2EN 

SPACECRAFT 

THERMOSTAT  2 ENABLE 

9567 

SCH3EN 

SPACECRAFT 

HEATER  3 ENABLE 

A5A7 

SCH3DI 

SPACECRAFT 

HEATER  3 DISABLE 

B527 

SCTH3BY 

SPACECRAFT 

THERMOSTAT  3 BYPASS 

05  C 7 

SCTH3EN 

SPACECRAFT 

THERMOSTAT  3 ENABLE 

1678 

SCH4EN 

SPACECRAFT 

HEATER  4 ENABLE 

26B8 

SCH4DI 

SPACECRAFT 

HEATER  4 DISABLE 

3638 

SCTH4BY 

SPACECRAFT 

THERMOSTAT  4 BYPASS 

46D8 

SCTH4EN 

SPACECRAFT 

THERMOSTAT  4 ENABLE 

5658 

SCH5EN 

SPACECRAFT 

HEATER  5 ENABLE 

66^8 

SCH5DI 

SPACECRAFT 

HEATER  5 DISABLE 

7618 

SCTR5BY 

SPACECRAFT 

THERMOSTAT  5 BYPASS 

86E8 

SCTH5EN 

SPACECRAFT 

THERMOSTAT  5 ENABLE 

9668 

SCH6EN 

SPACECRAFT 

HEATER  6 ENABLE 

A6A8 

SCH6DI 

SPACECRAFT 

HEATER  6 DISABLE 

B6.28 

SCTH63Y 

SPACECRAFT 

THERMOSTAT  6 BY FAS S 

C6CS 

SCTK6EN 

SPACECRAFT 

THERMOSTAT  6 ENABLE 

SOLAR  ARRAY  DEPLOY  PYRO  COMMANDS: 

187A 

ADMARM 

ARRAY  DEPLOY  MASTER  ARM 

986A 

ADRARM 

ARRAY  DEPLOY  MASTER  ARM  (BACKUP  COMMAND) 

689A 

j 

ADMSAF 

ARRAY  DEPLOY  MASTER  SAFE 
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ADRSAF  ARRAY  DEPLOY  MASTER  SAFE  (BACKUP  COMMAND) 

AD1ARM  ARM  ARRAY  DEPLOY  PYRO  SET  1 (PYROS  1A,2B  & 2A,1B) 
AD1FIRE  FIRE  ARRAY  DEPLOY  PYRO  SET  1 (PYROS  IA.2B  & 2A,1B) 
AD2ARM  ARM  ARRAY  DEPLOY  PYRO  SET  2 (PYROS  3A,4B  & 4A,3B) 
AD2FIRE  FIRE  ARRAY  DEPLOY  PYRO  SET  2 (PYROS  3A,4B  & 4A,3B) 

ANTENNA  BOOM  DEPLOY  PYRO  COMMANDS: 

BDMARM  ANTENNA  DEPLOY  MASTER  ARM 

BDRARM  ANTENNA  DEPLOY  MASTER  ARM  (BACKUP  COMMAND) 

BDMSAF  ANTENNA  DEPLOY  MASTER  SAFE 

BDRSAF  ANTENNA  DEPLOY  MASTER  SAFE  (BACKUP  COMMAND) 

BUNLARM  ARM  BOOM  RELEASE  (UNLATCH)  PYRO 
BUHFIRE  FIRE  BOOM  RELEASE  (UNLATCH)  PYRO 
GIM1ARM  ARM  GDA  LAUNCH  LOCK  PYRO  1 
GIM1FIRE  FIRE  GDA  LAUNCH  LOCK  PYRO  l 
GIM2ARM  ARM  GDA  LAUNCH  LOCK  PYRO  2 
GIM2FIRE  FIRE  GDA  LAUNCH  LOCK  PYRO  2 
BSPARM  ARM  SPARE  PYRO 
BSPFIRE  FIRE  SPARE  PYRO 

ANTENNA  JETTISON  PYRO  COMMANDS: 

BJMARM  ANTENNA  JETTISON  MASTER  ARM 

BJRARM  ANTENNA  JETTISON  MASTER  ARM  (BACKUP  COMMAND) 

BJMSAF  ANTENNA  JETTISON  MASTER  SAFE 

BJRSAF  ANTENNA  JETTISON  EASTER  SAFE  (BACKUP  COMMAND) 

CCUTARM  ARM  CABLE  CUTTER  (GUILLOTINE)  PYRO 

CCUTFIRS  FIRE  CABLE  CUTTER  (GUILLOTINE)  PYRO 

JETARM  ARM  BOOM  JETTISON  (MARKON  CLAMP  RELEASE)  PYRO 

JETFIRE  FIRE  BOOM  JETTISON  (MARKON  CLAMP  RELEASE)  PYRO 

JSP1ARM  ARM  SPARE  PYRO  1 

JSP IFIRE  FIRE  SPARE  PYRO  I 

JSP2ARM  ARM  SPARE  PYRO  2 

JSP2FIRE  FIRE  SPARE  PYRO  2 

PM-IA  HEATER  COMMANDS: 

PTKHTEN  PM-IA  PRIMARY  TANK  HEATER  ENABLE 
PTKHTDIS  PM-IA  PRIMARY  TANK  HEATER  DISABLE 
RTKHTEN  PM-IA  REDUNDANT  TANK  HEATER  ENABLE 
RTKHTDIS  PM-IA  REDUNDANT  TANK  HEATER  DISABLE 
PLHTEN  PM-IA  PRIMARY  LINE  HEATER  ENABLE 
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Acronym 


Command  Name 


PLHTDIS  PM-1A  PRIMARY  LINE  HEATER  DISABLE 
LHTTHBY  PM-1A  LINE  HEATER  THERMOSTAT  BYPASS 
LHTTHEN  PM-1A  LINE  HEATER  THERMOSTAT  ENABLE 
RLNHTEN  PM-1A  REDUNDANT  LINE  HEATER  ENABLE 
RLNHTDIS  PM-1A  REDUNDANT  LINE  HEATER  DISABLE 
TKHTTHBY  PM-1A  TANK  HEATER  THERMOSTAT  BYPASS 
TKHTTKEN  PM-1A  TANK  HEATER  THERMOSTAT  ENABLE 

PM-1A  commands  using  acronyms  are  transmitted  In  the  form  /PM.ACRONYM 
using  the  ground  test  data  base.  All  other  commands  in  thi3  table  are 
transmitted  in  the  form  /SCCU, ACRONYM. 
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Reference  TLM 

Command  Paragraph  Prerequisite  Complement  Verification  Remarks 


SRIUEN 

8. 6. 1.1 

RIUSB2 

8. 6. 1.1 

MRIUDI 

8. 6. 1.1 

SCUAON 

8. 6. 1.2 

SCUBON 

8. 6. 1.2 

APYREN 

8. 6. 1.5 

APYRDI 

8. 6. 1.5 

BPYREN 

8. 6. 1.5 

BPYRDI 

8. 6. 1.5 

ENAHTA 

8. 6. 1.3 

BXSHTA 

8. 6. 1.3 

ENAHTB 

8. 6. 1.3 

DISHTB 

8. 6. 1.3 

BYPTHB 

8. 6. 1.3 

ENATHE 

8. 6. 1.3 

BYPTHA 

8. 6. 1.3 

{ENATHA 

8. 6. 1.3 

ISIHAEN 

8. 6. 1.4. 2 

jsiHADI 

8. 6. 1.4. 2 

!S1HBEN 

8. 6. 1.4. 2 

isiHBDI 

8.6.1 .4.2 

!S  1 THEY 

8. 6. 1.4. 2 

jSITHEN 

8. 6. 1.4. 2 

SBHAEN 

8-o. 1.4. 2 

SBHADI 

8. 6. 1.4.2 

SBHBEN 

8. 6. 1.4. 2 

SBHBDI 

8.6.1 .4.2 

SBTHBY 

8. 6. 1.4. 2 

SBTHEN 

8. 6. 1.4. 2 

MAHAEN 

8. 6. 1.4. 2 

HAH AD I 

8.6,1. 4.2 

kAHSEN 

8. 6. 1.4. 2 

MAHBDI 

8 *6  * 1 *4  • 2 

MATHBY 

8. 6. 1.4. 2 

MATHEN 

8.6.1 .4  .2 

MSHAEN 

8. 6. 1.4. 2 

SRIUEN 

SCUBON 

SCUAON 

APYRDI 
APYREN 
BPYRDI 
BPYREN 
DISKTA 
ENAHTA 
D1SHTB 
ENAHTB 
ENATKB 
BYPTHB 
ENATHA 
BYPTHA 
S1HADI 
SIHAEN 
S1HBDI 
S1HBEN 
S1THEN 
S1THBY 
SBEADI 
SBHAEN 
SBHBDI 
SBHBEN 
SBTHEN 
SBTHBY 
MAHADj. 
MAHAEN 
HAHBDI 
HAH BEN 
MATHEN 
MATHBY 
MS  HAD  I 


DRIOSBA-O  RIU  A 

URIUSBA-1  RIU  B 

UMATENF-0 
UMATENF-0 

UBOFFAON-1  A ON 

UAQFFBON-O  B OFF 

UAOFFBON“l  B ON 

. UB0FFA0N®>0  A OFF. 

UASPYRED-1 
UASPYRED“0 
UBSPYRED-1 
UBSPYRED^O 
UHTEAED**! 

UHTRAED“0 

UHTRBED-1 

UKTRHED-0 

DTHTBEE1*! 

UTHTSBE-0 

UTHTABE»1 

UTHTABE-Q 

USSIAHTR-1 

DSSlAHTR-0 

USS1BHTR-1 

USS1BHTR-0 

USS1THT»1 

USSlTHT-0 

USBHTRA-1 

USBHTRAraO 

USBHTRB-1 

USBHTRB-0 

USBTHT-1 

USBTHT-O 

UTKMAHA-1 

UTMMAEA“0 

UTMMAHBW1 

UTMHAHB«0 

UTMMATH-1 

UTMMATH“0 

UMSAHTA=1 


LSD-WPC-263 


8-18 


OF!DnAL  PAGE  W 

0F  P°0R  quality 


Table  8,6-3*  Command  Verification 


SVS-10266 
31  December  1981 


Command 

Reference 

Paragraph 

Prerequisite  Complement 

TIM 

Verification 

Remarks 

MS  HAD  I 

8*6. 1.4.2 

MSHAEN 

UMSAHTA-0 

HSHBEN 

8. 6. 1.4. 2 

MSHBDI 

DMSAHTB-1 

MS ESDI 

8. 6. 1.4.2 

HSHBEN 

UMSAHTB-0 

MSTHBY 

8. 6. 1.4. 2 

MS THEN 

UMSATHT-1 

MS  THEN 

8. 6. 1.4. 2 

MSTHBY 

UMSATHT-0 

WBR*2N 

8. 6. 1.4. 2 

WBHADI 

UWBHTRA®1 

WBHADI 

8. 6. 1.4. .2 

WBHAEN 

UWBHTRA-0 

WBHPEN 

8 *6 • 1 .4  «2 

WBHBDI 

UWBHTRB®*! 

WBHBDI 

8.6.1 *4.2 

WBHBEN 

UWBHTRB-0 

WBTHBY 

8. 6. 1.4. 2 

WBTHEN 

UWBTHT-1 

WBTHEN 

8. 6.1.4. 2 

WBTHBY 

UWBTHT-0 

S2.I1AEN 

8.6.1 .4*2 

S211ADI 

USS2ARTR-1 

S2HADI 

8 * 6 » 1 .4 .2 

S2HAEN 

USS2AHTR®0 

S2HBEN 

8. 6. 1.4. 2 

S2HBDI 

USS2BHTR=»1 

S2HBDI 

8. 6. 1.4. 2 

S2HBEN 

USS2BHTRm0 

S2THBY 

8. 6. 1.4. 2 

S2TBEN 

USS2THTral 

S2THEN 

8. 6. 1.4. 2 

S2THBY 

USS2THT”0 

TMRAEN 

8. 6. 1.4. 2 

TMRADI 

UrMHTRl“l 

TMHADt 

8 .6 .1 .4.2 

TKHAEN 

UTMHTR1-0 

THHBEN 

8. 6. 1.4. 2 

TMHBDI 

UTMHTR2-1 

TMHBDI 

8.6. 1.4.2 

TMHBEN 

UTMHTR2-0 

TMTHBY 

8. 6. 1.4. 2 

TMTHEN 

UTMTHT-1 

TMTHEN 

8. 6. 1.4.2 

TMTHBY 

U1MTHT-0 

PH8AEN 

8. 6. 1.4. 2 

PH8ADI 

UP'.8AHTR“1 

NOT  USED 

PH8ADI 

8. 6. 1.4. 2 

PH8AEN 

UPL8AHTR®0 

NOT  USED 

PH8BEN 

8. 6. 1.4. 2 

PH8BDI 

UPL8BHTR-1 

NOT  USED 

PH8BDI 

8. 6.1. 4.2 

PH8BEN 

UPL8BHTR»0 

NOT  USED 

PTH8BY 

8.6 .1.4.2 

PTH8EN 

UPL8THT-1 

NOT  USED 

PTH8EN 

8. 6.1.4. 2 

PTH8BY 

UPL8THT“0 

NOT  USED 

SCH1EN 

8. 6. 1.4.1 

SCH1DI 

USCHTRl-1 

SCH1DI 

8. 6. 1.4.1 

SCH1EN 

USCHTR1-0 

SCTH1BY 

8. 6. 1.4.1 

SCTHIEN 

USClTHT-1 

SCTHIEN 

8. 6. 1.4.1 

SCTH1BY 

USC1THT“0 

SCH2EN 

8. 6. 1.4.1 

SCH2DI 

USCKTR2”! 

SCH2DI 

8, 6. 1.4.1 

SCH2EN 

U5CHTR2«0 

SCTH2BY 

8. 6. 1.4.1 

SCTH2EN 

USC2THT-1 

SCTH2EN 

8. 6. 1.4.1 

SCTH2BY 

USC2THT-0 

SCH3EN 

8. 6. 1.4.1 

SCH3DT 

USCHTR3-1 

SCH3DI 

8.6.1 .4.1 

SCE3EN 

USCHTR3«0 
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Table  8.6-3.  Command  Verification 


Reference  TLM 

Command  Paragraph  Prerequisite  Complement  Verification  Remarks 


SCTH3BY 

8. 6. 1.4.1 

SCTH3EN 

8.6.1 .4.1 

SCH4EN 

8. 6. 1.4.1 

5CH4DI 

8. 6. 1.4.1 

SCTH4BY 

8. 6. 1.4.1 

SCTH4EN 

8. 6. 1.4.1 

SCR5EN 

8. 6. 1.4.1 

SCH5DI 

8. 6. 1*4.1 

SCTH5BY 

8. 6. 1.4.1 

SCTH5EN 

8. 6. 1.4.1 

SCH6EN 

8. 6. 1.4.1 

SCH6DX 

8. 6. 1.4.1 

SCTH6BY 

8. 6. 1.4.1 

SCTH6EN 

8. 6. 1.4.1 

PTKKTEN 

8. 6. 1.4. 3 

PTKHTDXS 

8. 6. 1.4. 3 

RTKHTEN 

8. 6. 1.4. 3 

RTKHTDXS 

8. 6. 1.4. 3 

TKETTKBY 

8. 6. 1.4. 3 

TKHTTEEN 

8. 6. 1.4. 3 

PLHTEN 

8. 6. 1.4. 3 

PLHTDIS 

8. 6. 1.4. 3 

RLNHTEN 

8. 6. 1.4. 3 

jRLNKTDXS 

8. 6. 1.4. 3 

LHTTHBY 

8. 6. 1.4. 3 

LHTTHEN 

8. 6. 1.4. 3 

ADMARM 

8. 6. 1.5. 2 

AD  HARM 

8. 6. 1.5. 2 

ADMSAF 

8. 6. 1.5. 2 

| ADRSAF 

8. 6. 1.5. 2 

AD  I ARM 

8. 6. 1.5. 2 

AD  I FI  RE 

8. 6. 1.5. 2 

AD2ARH 

8. 6. 1.5. 2 

SCTR3EN 

SCTH3BY 

SCH4DI 

SCH4EN 

SCTH4EN 

SCTH4BY 

SCH5DI 

SCH5EN 

SCTH5EN 

SCTH5BY 

SCH6DI 

SCH6EN 

SCTH6EN 

SCTH6BY 

PTKKTDIS 

PTKHTEK 

RTKHTDIS 

RTKHTEN 

TKHTTHEN 

TKHTTHBY 

PLHTDIS 

PLHTEN 

RINHTDIS 

RLNHTEN 

LHTTHEM 

LRTTHBY 

8. 6. 1.5.1  ADMSAF 

ADRSAF 

8. 6. 1.5.1  ADMSAF 

ADRSAF 

8. 6. 1.5.1  ADMARM 

ADRARM 

8. 6. 1.5.1  ADMARM 
ADRARM 

8. 6. 1.5.1  ADMSAF 
ADRSAF 

AD1ARM 

8. 6. 1.5.1  ADMSAF 
ADRSAF 


USC3THT-1 

USC3TRT-0 

USCHTR4-1 

USCHTR4-0 

USC4THT-1 

USC4THT°»0 

USCHTR5“1 

USCHTR5“0 

USC5THT-1 

USC5THTO 

USCHTR6-1 

USCHTR6-0 

USC6THTot1 

USC6TIITk0 

ZPRTKKTral 

ZPRTKilT™0 

ZEUTKHT*"’! 

ZBUTKHTKI 

ZBULNTH«1 

ZBULNTH“0 

ZPRLNHTV1 

ZPRLNHT»0 

ZBULNHT-1 

ZBULtniT-0 

ZPRLNTH«1 

ZRLLNTH“0 

UADPKAS-1 

ON  SIDE 

UADUMAS”! 

OFF  SIDE 

UADPMAS-1 

ON  SIDE 

UADUMAS“1 

OFF  SIDE 

UADPMAS“0 

ON  SIDE 

UADUMAS^O  ' 

OFF  SIDE 

UADPMAS=0 

ON  SIDE 

UADUMAS»0 

OFF  SIDE 

UADST1A-1 

1A&2B 

UADSTlB-1 

2A&13 

NO  DIR  VER 

UADST2A»1 

3A&4B 

UADST2B-1 

4A&3B 
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Table  8.6-3.  Command  Verification 


Command 

Reference 

Paragraph 

Prerequisite 

Complement 

TIM 

Verification 

Remarks 

AD2FIRE 

BDMARM 

8. 6. 1.5. 2 

8. 6. 1.5. 3 

AD2ARM 
8. 6. 1.5.1 

BDMSAF 

NO  DIR  VER 
UBDPMAS^l 

ON  SIDE 

BDRARM 

8. 6. 1.5. 3 

8. 6. 1.5.1 

BDRSAF 

BDMSAF 

UBDUMAS®! 

UBDPMAS®1 

OFF  SIDE 
ON  SIDE 

BDMSAF 

8. 6. 1.5.3 

8. 6. 1.5.1 

BDRSAF 

BDMARM 

UBDUMAS-l 

UBDPMAS«0 

OFF  SIDE 
ON  SIDE 

BDRSAF 

8. 6. 1.5. 3 

8. 6. 1.5.1 

BDRARM 

BDMARM 

UBDUMAS-0 

UBDPMAS-0 

OFF  SIDE 
ON  SIDE 

GIM1ARM 

8. 6. 1.5. 3 

8. 6. 1.5.1 

BDRARM 

BDMSAF 

UBDUMAS=0 

UBDGIM1»1 

OFF  SIDE 

GIM1FIRE 

GIM2AKM 

8. 6. 1.5. 3 
8. 6. 1.5. 3 

GIH1AKH 
8.6. 1.5,1 

BDRSAF 

BDMSAF 

MO  DIR  VER 
UBDGIM2-1 

GIM2FIRE 

BSPARM 

8. 6. 1.5. 3 
8. 6. 1.5. 3 

GIH2AJRH 
8. 6. 1.5.1 

BDRSAF 

BDMSAF 

NO  DIR  VER 
UBDSPAR-1 

NOT  USED 

B S P F I RE 

8. 6. 1.5. 3 

BSPARM 

BDRSAF 

MO  DIR  VER 

NOT  USED 

BJMARM 

8.6.1. 5. 4 

8. 6. 1.5.1 

BJMSAF 

UBJPMAS-1 

ON  SIDE 

BJRARM 

8. 6. 1.5. 4 

8. 6. 1.5.1 

BJRSAF 

BJMSAF 

UBJUMAS^l 

UBJFMAS®! 

OFF  SIDE 
ON  SIDE 

BJMSAF 

8. 6. 1.5.4 

8. 6. 1.5.1 

BJRSAF 

BJMARM 

UBJUMAS-1 
UBJ PHASED 

OFF  SIDE 
ON  SIDE 

BJRSAF 

8. 6. 1.5. 4 

8. 6. 1.5.1 

BJRARM 

BJMARM 

UBJUMAS-0 

ITBJPMAS-0 

OFF  SIDE 
ON  SIDE 

C CUT  ARM 

8. 6. 1.5. 4 

8. 6. 1.5.1 

BJRARM 

BJMSAF 

UBJUMAS-0 

UBJCCUT-1 

OFF  SIDE 

CCUTFIRE 

JETARM 

8. 6. 1.5. 4 
8. 6. 1.5. 4 

CCUTARM 
8. 6. 1.5.1 

BJRSAF 

BJMSAF 

NO  DIR  VER 
UBJPYRO^l 

JETFIRE 

JSP1ARK 

8. 6. 1.5. 4 
8. 6. 1.5.4 

JETARM 
8. 6. 1.5.1 

BJRSAF 

BJMSAF 

NO  DIR  VER 
UBJSPAR1HL 

NOT  USED 

JSP1FIRE 

8. 6. 1.5.4 

JSP1ARM 

BJRSAF 

NO  DIR  VER 

NOT  USED 

JSP2ARK 

8. 6. 1.5. 4 

8. 6. 1.5.1 

BJMSAF 

UBJSPAR2^1 

NOT  USED 

JSP2FIRE 

8. 6. 1.5. 4 

JSP2ARM 

BJRSAF 

NO  DIR  VER 

NOT  USED 
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8.6.1  COMMAND  DESCRIPTIONS 

This  section  provides  descriptions  of  the  command  functions  using  the  acronyms 
defined  in  Tables  8.6-1  and  8.6-2.  Descriptions  of  ESAM  commands  are  presented 
In  Section  3.6  and  are  not  a part  of  this  section. 

In  the  ground  test  data  base  and  software,  all  commands  described  in  this 
section  are  of  the  form  /SCOT, ACRONYM  except  PM-1A  heater  control  commands.  The 
PM-1A  heater  commands  are  of  the  form  /PM, ACRONYM. 

All  commands  described  herein  are  addressed  to  RIU  4 (A  or  B)  and  all  may  be 
executed/distributed  by  either  the  A or  B RIU.  There  are  no  commands  dedicated 
to  RIU  A only  or  RIU  B only. 

8. 6. 1.1  RIU  4 Control 

The  SC&CU  'RUT'S  (RIU  4A  and  4B)  are  connected  in  a redundant  configuration  such 
that  either  can  provide  communication  between  the  CU  and  the  SC&CU,  PM-1A,  and 
ESAM  subsystems  via  the  Multiplex  Data  Bus  (MDR) . An  RIU  has  three  modes:  Off, 
Standby  1,  and  Standby  2 (full  on).  In  all  modes,  the  power  converters  in  both 
RIUs  are  on  and  both  of  the  MBB  redundant  supervisory  line  pairs  are 
continuously  monitored  by  the  RIUs. 

In  normal  operation,  one  RIU  will  be  in  the  Standby  2 state  and  its  mate  will  be 
in  the  Off  state.  When  power  Is  restored  after  Interruption,  both  will  assume 
their  prior  states.  In  order  to  activate  the  alternate  RIU,  It  Is  necessary  to 
address  two  commands,  SRIUEN  and  RIUSB2,  to  the  off  RIU.  SRIUEN  causes  an.  Off 
RIU  to  assume  the  Standby  1 state.  In  this  mode  it  can  only  accept  discrete 
commands.  RIUSB2  is  then  sent  to  the  same  RIU,  which  causes  it  to  assume  the 
Standby  2 (full  on)  state  and  simultaneously  place  its  mate  in  the  Off  state.  A 
backup  mate  Off  command,  MRIUDI,  is  provided  in  the  event  RIUSB2  fails  to  place 
the  mate  RIU  in  the  Off  state.  MPvIUDI  should  be  addressed  only  to  a RIU  in  the 
Standby  2 state,  and  never  to  one  In  the  Standby  1 state.  The  latter  condition 
will  result  in  one  RIU  Off  and  the  other  in  Standby  1 causing  loss  of  RIU  4 
telemetry  data  in  the  realtime  telemetry  data  stream.  The  CU  requires  a full  on 
RIU  to  acquire  telemetry  data  via  the  MDB. 

8. 6. 1*2  SC&CU  Power  Control 

One  of  the  redundant  sides  of  the  SC&CU  is  always  powered  whenever  the 
spacecraft  is  powered.  The  on  side  is  determined  by  one  of  the  two  mutually 
exclusive  commands  SCUAON  and  SCUBQN  (reference  Figure  8.6-1). 
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SCUAON  turns  on  the  A side  power  converter  and  simultaneously  turns  off  the  8 
side  power  converter.  The  A converter  provides  3 V(A)  logic  power  to  all  of  the 
A side  circuits  and  25  V(A)  power  to  all  A side  circuits  with  the  exception  that 
25  V(A)  power  to  the  pyro  control  circuits  is  controlled  by  pyro  enable/disable 
commands  (APTREN/APYRDI)  as  a safety  interlock  (see  Paragraph  8 .6.1 .5). 

SCUBON  turns  on  the  B side  power  converter  and  simultaneously  turns  off  the  A 
side  power  converter.  The  5 V(B)  and  25  V(B)  power  outputs  are  provided  to  the 
B side  circuits  as  described  in  the  preceding  paragraph  for  the  A side. 

There  is  no  SC&CU  Off  command.  Either  the  A or  B side  in  commanded  on,  not 
both.  Telemetry  verifications  for  these  commands  are  obtained  from  the  monitors 
UBOFFAON  and  UA0FFBON. 

8*6, 1.3  Module  Heater  Control 

The  SC&CU  module  contains  four  heaters,  configured  redundantly,  with  two  heaters 
on  each  of  two  identical  circuits.  Each  circuit  contains  two  resistive  12.5 
watt  heaters  controlled  by  a mechanical  thermostat.  Discrete  commands  provide 
power  enable/disable  and  thermostat  bypass /enable  control  for  the  heaters  as 
shown  in  Figure  8.6-2.  These  commands,  listed  below,  are  independent  of  which 
side  of  the  SC&CU  is  on.  Telemetry  verifications  are  obtained  from  the  monitors 
UHTRAED,  UHTRBSD , UTETABE  and  UTRTBBE  * 

Heater  A Heater  15  Function  Coarmanded 

ENAHTA  ENAHTB  Enable  heater  power 

DXSHTA  DISHTB  Disable  heater  power 

BYPTHA  BYPTKB  Bypass  heater  thermostat 

ENATHA  ENATHB  Enable  heater  thermostat 
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8*6. 1.4  External  Heater  Control 

The  SC&CU  provides  power  and  command  control  for  the  following  heater  circuits 
located  eicteraal  to  the  SC&CU  module. 

1*  6 non-redundant  KMS  structure  heater  circuits 

2.  8 payload  heater  circuits,  each  with  primary  and  redundant  heaters. 

3.  2 PM-1A  heater  circuits,  each  with  primary  and  redundant  heaters. 

Heater  locations  are  provided  in  Section  19.0  of  this  manual.  Heater  control 
commands  are  serial  digital  commands  which  are  distributed  by  either  RXU  to  both 
sides  of  the  SC&CU.  Relays  and  logic  on  the  SC&CTJ  A and  B sides  are  configured 
so  that  whichever  side  is  on  will  execute  the  commands.  Figure  8.6*3  provides  a 
functional  diagram  of  this  type  configuration  for  one  complementary  command 
pair.  All  heater  command  pairs  operate  in  the  same  manner  as  indicated  in 
Figure  8.6-4(a).  The  simplified  diagram  of  Figure  8.6*4(b)  illustrates  command 
functions,  whether  obtained  from  RIU  A or  B or  from  SC&CU  A or  B. 

8. 6. 1.4.1  MMS  Structure  Heater  Control 

There  are  6 MIC  structure  heater  circuits  designated  spacecraft  heaters  1 
through  6.  Each  circuit  consists  of  one  heater  and  a mechanical  thermostat,  and 
is  represented  by  Figure  8.6*4  with  the  redundant  heater  and  K2  contacts 
deleted.  The  commands  associated  with  these  heaters  are  listed  below. 
Telemetry  verifications  for  the  commands  are  presented  in  Table  8.6*3. 


s/c 

Heater 

Heater 

Thms  tat 

Thmstat 

Heater 

Enable 

Disable 

Enable 

Bypass 

1 

SCH1EN 

SCE1DI 

SCTH1EN 

SCTH1BY 

2 

SCH2EN 

SCH2DI 

SCTH2EN 

SCTH2BY 

3 

SCH3EN 

SCH3DI 

SCTH3EN 

SCTH3BY 

4 

SCH4EN 

SCH4DI 

SCTH4EN 

SCTH4BY 

5 

SCH5EN 

SCH5DI 

SCTH5EN 

SCTH5BY 

6 

SCH6EN 

SCH6DL 

SCTH6EN 

SCTH6BY 
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8.6. 1.4.2  Fayload  Heater  Control 

The  SCSCU  provides  power  and. commands  for  8 heater  circuits  designated  payload 
heaters  1 through  8.  Seven  of  the  control  circuits  are  used  for  heaters  on  the 
instrument  module.  The  eighth  is  a spare  which  is  not  used*  although  the 
commands  and  telemetry  verifications  exist  within  the  SC&CU. 

Each  payload  heater  circuit  consists  of  a primary  and  redundant  heater  sharing  a 
common  thermostat  as  shown  in  Figure  8.6-4.  The  heaters  have  been  sized  so  that 
one  of  the  redundant  heaters  will  provide  the  necessary  heating  with  the  other 
heater  as  a backup.  Thus,  when  heat  is  required  in  a specific  area,  the  heater 
configuration  should  be  primary  heater  enabled,  redundant  heater  disabled,  and 
heater  thermostat  enabled. 

Payload  heater  control  circuits  1 through  7 ure  connected  to  heaters  in  the 
instrument  module  in  the  order  listed  in  Table  8.6-2  under  Payload  Heater 
Commands.  The  commands  required  for  heater  control  are  listed  below.  Payload 
heater  control  circuit  8 is  not  connected  to  any  heaters. 


Payload 

Pri.  Heater 

Red.  Heater 

Thermostat 

Heater 

Enable/Disable 

Enable/Disable 

Bypass /Enable 

1 

S1HAEN/S1HADI 

S1HBEN/S  J.HSDI 

SITHBY/S 1THSN 

2 

SBHAEN/ SBEAD I 

SBHBEN/SBHBDI 

SBTH3Y/SBTKEN 

3 

MAHAEN/KAHADI 

MAHBEN/MAHBDI 

MATHBY/KATHEN 

4 

MS HAEM/MS HADI 

MSHBEN/MSHBDI 

KSTH3Y/MSTHEK 

5 

WBEAEN/wBHADI 

WBHBEN/WBHBDI 

WBTHBY / W3THEW 

6 

S2HAEN/S2HADI 

S2HBEN/S2HBDI 

S2THBY / S2THEN 

7 

TMHAESf/TMHAD  I 

TMHBEN/ TMHBD I 

TMTHBY/TMTHEN 

8 

PH8AEN/PH8ADI 

PH8BEN/PH8BDI 

PTH8BY/PTH8EN 

u3  PM-1A 

Heater  Control 

The  SC&CU  provides  power  and  commands  for  two  heater  circuits  on  the  PM-1A 
auxiliary  taijc  kit  of  the  MMS  propulsion  module < Each  circuit  consists  of  a 
primary  and  redundant  heater  sharing  a common  mechanical  thermostat  as  shown  in 
Figure  8.6-4.  One  heater  circuit  provides  heat  to  the  PM-1A  fuel  tank,  as 
required.  The  other  heater  circuit  provides  heat  to  the  PM-1A  fuel  lines.  The 


commands  required 

for  heater  control 

are  listed  below. 

FM-1A 

Pri.  Heater 

Red.  Heater 

Thermostat 

Heater 

Enable/ Disable 

Enable/Disable 

B v pass/Enab le 

Tank 

PTKRTEN  / PTKHTD  IS 

RTKETEN/KTKHTDIS 

TKHTTHS Y / TKHTTHER 

Line 

PLHTEN / PLHTD I S 

SLNHTEN/RLNHTDIS 

LHTTRBY / LHTTHEN 
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8*6*lv5  Pyrotechnic  Circuit  Control 

Th*  SC&CU  provides  command  control  and  power  for  all  spacecraft  pyro  devices* 
Eaci  device  contains  two  hridgewi res , primary  (A)  and  redundant  (B).  Firing  of 
either  the  A or  B bridgwire  causes  the  device  to  fire* 

Pyre  command  control  by  RID  commands  is  accomplished  by  functional  groups  in  the 
SC&CU . The  groups  are:  solar  array  deploy  pyros,  antenna  deploy  pyros,  and 

antenna  jettison  pyros.  Each  group  is  provided  with  master  ana  and  master  safe 
functions.  The  master  safe  function  places  all  pyros  in  the  group  in  a safe 
condition.  The  master  arm  function  is  an  enable  function  to  provide  individual 
arming  and  firing  capability  for  each  pyro  in  the  group. 

8. 6. 1.5.1  Prerequisite  Commands 

Pyro  devices  stay  be  armed  and  fired  from  either  the  SC&CU  A side  or  B side, 
whichever  is  on.  The  antenna  deploy  and  jettison  devices  are  configured  such 
that  primary  bridgewirea  are  armed/ fired  by  the  A side  and  redundant  bridgewires 
by  the  B side.  The  solar  array  deploy  devices  are  configured  such  that  all 
bridgewires  are  armed/fired  by  either  side  of  the  SC&CU. 

Figure  8.6-5  Illustrates  functionally  the  relay  configuration  required  to  arm 
and  fire  one  pyro  device  N in  a functional  group.  The  following  description 
applies  to  pyro  control  from  the  SC&CU  A side.  Control  from  the  B side  is 
identical. 

The  initial  requirement  for  firing  pyros  from  the  A side  is  SCUAG&  to  provide  4-5 
V(A)  and  *25  V(A)  secondary  voltages.  The  +5  V provides  logic  power  for  the  A 
side  serial  command  decoder  and  pyro  control  circuits.  The  *25  V provides  relay 
coil  power  for  the  pyro  am  and  fire  relays  of  Figure  8.6-5.  The  *25  V coil 
power  is  only  available  when  the  A side  pyros  enable/disable  relay  id  lurched  in 
the  enable  position.  Therefore,  APYREN  is  the  second  requirement. 
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Figure  8.6-5.  Functional  Schematic  for  Firing  Pyro 
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The  master  arm/safe  latching  relay  (K9  in  the  figure)  requires  both  SCUAON  and 
APYREN  to  operate.  A master  arm  command  sets  K9  and  provides  *25  V coil  power 
to  one  side  of  the  arm  and  fire  relay  coils  for  pyro  N,  and  also  connects  the 
high  (*28  V)  side  of  the  pyro  bus  to  the  normally  open  contacts  of  the  pyro  N 
fire  relay.  The  ARK  N command  provides  a momentary  ground  to  one  side  of  the 
coil  of  non-latching  relay  K2.  When  K2  operates,  one  set  of  its  contacts  is 
used  to  hold  it  closed  and  another  set  connects  the  pyro  bus  return  to  one  side 
of  the  pyro  N bridgewire.  As  evident  from  Figure  8.6-5,  three  pre-conditions 
are  required  in  order  to  execute  the  ARM  N command.  These  are:  SC&CU  A must  be 
on,  A side  pyros  must  be  enabled,  and  a master  ana  command  must  have  been 
executed.  Removal  of  any  one  of  the  three  conditions  will  cause  K2  to  drop  out 
(by  removing  4-25  V coil  power)  which  will  place  K2  in  the  safe  condition.  This 
can  be  accomplished  by  either  a master  safe  command  or  AFYRDl  or  SCUBGN. 

The  FIRE  N command  requires  all  the  pre-conditions  for  the  ARM  N command  plus 
execution  of  the  ARM  N command  in  order  to  fire  pyro  N.  The  FIRE  N command 
operates  non-latching  relay  K1  causing  the  high  (*28  V)  side  of  the  pyro  bus  to 
be  connected  through  a fusistor  to  one  side  of  the  pyro  N bridgewire  for  the 
duration  of  the  fire  pulse.  Since  the  other  side  of  the  bridgewire  had  been 
connected  to  the  pyro  bus  return  by  the  ARM  N command,  the  bridgewire  will  fire 
causing  pyro  N to  fire. 

Figure  8.6-6  is  a logic  diagram  using  AND  gates  to  indicate  prerequisites  for 
firing  of  individual  pyro  devices  within  a group. - If  the  output  of  any  gate  is 
a 0,  the  device  will  not  be  fired. 
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8*6 *1*5.2  Solar  Array  Deploy  Pyro  Commands 

The  stowed  solar  array  is  secured  by  four  retention/release  pyr  > devices  during 
launch.  Locations  of  the  devices,  designated  array  deploy  pyros  l through  4, 
are  shown  in  Figure  8.6-7.  The  SC&CD  is  configured  to  fire  the  pyros,  before 
the  array  is  deployed,  in  two  sets.  The  primary  and  redundant  bridgewires  of 
pyros  1 and  2 are  fired  as  set  1,  and  the  primary  and  redundant  bridgewires  of 
pyros  3 and  4 are  fired  as  set  2.  Either  or  both  sets  may  be  fired  from  either 
the  SC&CU  A side  or  B side;  the  same  bridgewires  are  fired  from  both  sides.  For 
the  following  command  descriptions,  SCUAON  and  APYREN  are  prerequisites  for 
arming  and  firing  from  the  A side,  and  SCUBON  and  BPYREN  are  prerequisites  for 
arming  and  firing  from  the  B side. 

The  array  deploy  pyro  group  master  arm  function  is  provided  by  either  of  the 
commands  ABKARM  and  ADRARM,  where  ADRARM  is  a backup  command  for  use  in  the 
event  ADHARM  fails  to  execute.  Both  commands  perform  the  same  function,  setting 
relay  K9  in  Figure  8.6-5. 

The  master  safe  function  is  provided  by  either  of  the  commands  ADMSAF  and  ADRSAF 
(backup  safe  command)  where  either  command  resets  K9,  placing  all  arm  relays  in 
the  group  in  the  safe  condition. 

ADI ARM.  provides  the  arm  function  for  the  primary  and  redundant  bridgewires  of 
array  deploy  pyros  1 and  2 as  described  for  the  ARM  N command  in  Paragraph 
8. 6. 1.5.1,  and  AD1FIRE  causes  the  four  bridgewires  to  fire  the  pyros. 
Similarly,  AD 2 ARM  provides  the  arm  function  for  the  four  bridgewires  of  pyros  3 
and  4,  and  AD2FIRE  causes  the  four  bridgewires  to  fire  the  pyros.  Both  fire 
commands  are  required  to  release  the  array  retention  devices  prior  to  deploying 
the  solar  array. 

Figure  8.6-8  is  a logic  diagram  indicating  prerequisites  for  firing  the  array 
deploy  pyros.  The  diagram  illustrates  that  all  pyros  can  be  fired  from  either 
the  SC&CU  A or  B side. 


LSD-WP0263 


8 -3  A 


PYRO  1 


Figure  8.6-8.  Solar  Array  Deploy  Pyro  Logic  Diagram 


ORIGINAL  PAGE  IS 
OF  POOR  QUALITY 

SVS-10266 
31  December  1981 

8.6  el  ,5.3  Antenna  Deploy  Pyro  Commands 

The  stowed  TBRSS  antenna  boom  is  secured  during  launch  by  a retention/ release 
pyro  device  identified  as  the  boom  unlatch  pyro.  In  addition*,  the  antenna 
gimhal  drive  assembly  (GDA)  is  secured  by  two  devices  identified  as  GDA  launch 
lock  pyros  1 and  2.  The  boom  unlatch  pyro  must  be  fired  to  allow  deployment  of 
the  antenna  boom*  and  the  GDA  launch  lock  pyros  must  be  fired  to  release  the 
antenna  gimbal  assembly  before  initiating  antenna  positioning  maneuvers.  The 
primary  bridgewires  of  each  pyro  device  can  be  fired  only  from  the  SC&CU  A side* 
and  the  redundant  bridgewires  only  from  the  SC&CU  B side.  SCUAON  and  APYREN  are 
prerequisites  for  arming/ firing  pyros  from  the  A side,  and  SCUBON  and  BPYREN  are 
prerequisites  for  arming/firing  from  the  B side. 

The  master  arm  function  for  the  antenna  deploy  pyro  group  is  provided  by  either 
the  BDMARM  or  BDRARM  command,  where  BDRARM  is  a backup  command  for  use  in  the 
event  BDMARM  does  not  execute.  Either  command  sets  relay  K 9 in  Figure  8.6-5. 

The  master  safe  function  is  provided  by  either  the  BDMSAF  or  BDRSAF  (backup 
safe)  command  which  resets  K9,  placing  all  arm  relays  in  the  group  in  the  safe 
condition. 

BUKLARM  provides  the  arm  function  for  one  bridgewire  of  the  boom  unlatch  pyro  as 
described  for  the  ARM  N comoaxid  in  Paragraph  8.6.1  *5.1*  and  BONFIRE  causes  the 
cridgewire  to  fire  the  pyro.  Similarly,  GXM1ARM  and  GIM1FIKE  arm  and  fire  GDA 
launch  lock  pyro  1,  and  GXM2ARM  and  GIM2FIRE  arm  and  fire  GDA  launch  lock  pyro 
2.  The  antenna  deploy  pyro  group  has  provisions  for  control  of  a spare  pyro 
device  which  is  not  connected  on  Landsat  but  the  commands,  BSPARM  and  BSPFIRB, 
can  be  executed  by  the  SC&CU. 

Figure  8.6-9  is  a logic  diagram  indicating  prerequisites  for  firing  the  antenna 
deploy  pyros.  Note  that  primary  (A)  bridgewires  are  fired  from  the  SC&CU  A side 
and  redundant  bridgewires  from  the  B side. 
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Figure  8.6-9.  Antenna  Deploy  "*yro  Logic  Diagram 
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8. 6 *1.5 *4  Antenna  Jettison  Pyro  Commands 

The  TDRSS  antenna  boom  with  its  appendages  can  be  jettisoned  in  preparation  for 
recovery  of  the  spacecraft  by  the  Space  Shuttle.  Mechanical  and  electrical 
separation  of  the  boom  from  the  spacecraft  is  accomplished  by  a pyro  device 
Identified  as  the  boom  jettison  pyro.  Wires  to  the  GDA  launch  lock  pyros 
(Paragraph  8. 6.  1.5*3)  are  not  routed  through  the  boom  disconnect  connector  in 
order  to  assure  the  safety  and  integrity  of  these  devices.  These  wires  must  be 
severed,  prior  to  firing  the  boom  jettison  pyro,  by  the  cable  cutter  pyro 
device. 

The  master  arm  function  for  the  antenna  jettison  pyro  group  is  provided  by 
either  the  BJKARM  or  BJRARM  command,  where  BJRARM  is  a backup  command  for  use  In 
the  event  BJMARM  fails  to  execute.  Either  command  sets  relay  K9  in  Figure 
8.6-5. 

The  master  safe  function  is  provided  by  either  the  BJMSAF  or  BJRSAF  (backup 
safe)  command  which  resets  K9,  placing  all  arm  relays  in  the  group  In  the  safe 
condition. 

CCUTARM  provides  the  arm  function  for  one  bridgewlre  of  the  cable  cutter  pyro  as 
described  for  the  ARM  N command  in  Paragraph  8. 6. 1.5.1,  and  CCUTFXRE  causes  the 
pyro  to  fire.  These  commands  should  be  executed  before  arming  and  firing  the 
boom  jettison  pyro.  JETARM  and  JETFIRE  arm  and  fire  the  boom  jettison  pyro 
initiating  separation  of  the  antenna  boom  from  the  spacecraft.  The  antenna 
jettison  pyro  group  has  provisions  for  control  of  two  spare  pyro  devices  which 
are  not  connected  on  Lands at  but  the  commands  JSP1ARM,  JSP1FIRE,  JSP2ARM  and 
JSP2FIRE  can  be  executed  by  the  SC&CU. 

Figure  8.6-10  is  a logic  diagram  indicating  prerequisites  for  firing  the  antenna 
jettison  pyros.  Note  that  primary  bridgewires  are  fired  from  the  SC&CU  A side 
and  redundant  bridgewires  from  the  B side. 

8. 6. 1.5. 5 Hardline  Jettison  Control 

Recovery  of  the  Lands at  spacecraft  by  the  Space  Shuttle  requires  that  the  TDRSS 
antenna  boom  and  the  solar  array  be  jettisoned  from  the  spacecraft.  The  Shuttle 
is  equipped  to  fire  three  jettison  pyro  devices  via  a Landsat/Shuc tie  interface 
connector.  The  three  devices  are  the  cable  cutter  and  boom  jettison  pyros 
(Paragraph  8. 6. 1.5. 4)  and  a solar  array  jettison  pyro. 

These  hardline  jettison  control  signals  are  routed  through  relays  in  the  SC&CU 
to  the  pyros.  Each  pyro  is  Individually  fired  'by  the  Shuttle  by  either  a 
primary  fire  signal  which  fires  the  pyro  primary  bridgewlre,  or  a redundant  fire 
signal  which  fires  the  redundant  bridgewlre..  Figure  8.6-11  Is  a simplified 
schematic  depicting  a typical  hardline  jettison  signal  interface  for  one  pyro 
device. 
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Figure  8.6-10.  Antenna  Jettiso*  Pyro  Logic  Diagram 
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Th©  csbl©  cutter  and  antenna  jettison  py vo®  controlled  by  Shuttle  command®  are 
the  same  pvro©  which  are  fired  using  the  spacecraft  commands  in  Paragraph 
8 *6 .1.5 *4,  Th©  Shuttle  'rommanda  or©  intended  for  mo  only  if  £h©  ©pacocraft 
commands  fail  to  jettison  the  antenna  boom  prior  to  spacecraft  capture  by  the 
Shuttle:* 

The  solar  array  jettison  pyre  can  only  be  fired  by  the  Shuttle*  This  precludes 
Inadvertent  jettisoning  of  th®  solar  array  by  spacecraft  commands,  which  would 
be  catastrophic  to  the  Lands at  mission* 
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8.6.:  COMMAND  SEQUENCES 

8. 6. 2.1  RIU  Switchover 

To  witch  from  th®  active  RID  to  i t ^ mat®*  the  following  eomMuda  should  ho  &©nt 
to  the  off  RIU s 

SRIU1N 

RIUSB2 

5.6.2.2  IV r o F i ring  S e q u® n c © 8 

«r—  ■*»'««f.i..iW.  ni»»ii>r.  H ■ i.Vft 

In  general*  pyro  device a are  fired  as  part  of  deployment  ®oqu@«c©®.  The  planned 
©oquanc#  of  events  after  spacecraft  separation  from  the  booster  i©  listed  below. 

Fir@  array  deploy  pyro® 

Deploy  array 

Fire  boom  unlatch  pyro 

Deploy  boo® 

Fire  CDA  launch  lock  pyro® 

The  planned  sequence  of  event®  for  a Shuttle  recovery  of  the  spacecraft  1® 
listed  below: 

Fire  cable  cutter  pyro 
Five  boom  Jet  t is o n p y r o 
Spacecraft  capture  by  Shuttle 
Shuttle  f Ire  array  Jettison  pyro 

8.O.2. 2.1  Solar  Array  Deploy  Vyr.o® 

If  SC&CD  A is  on 
AFYRKN 

If  SC&CU  B i©  on 
HPVREN 

ADMARM  or  ADRARM 
AD  I ARM 
ADI  FIRE 
AD2 ARM 
AD? FIR* 

AD MS AF  or  ADRSAF 
- If  SOAOU  A 1®  on 
AFVRDl 

I f SC.VOU  U i©  on 
BFYRIVl 

Deploy  *o iar  array 
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8.6 .2.2 .2  Antenna  Deploy  Pyros 

- If  SC&CU  A is  on 
APYREN 

If  SC&CU  B is  on 
BPYREN 

BDMARM  or  BDRARM 

BUNLARH 

BUNFIRE 

BDHSAF  or  BDRSAF 
If  SC&CU  A is  on 
APYRDI 

If  Sacu  B is  on 
BFYRDX 

- Deploy  TDRSS  antenna  boom 

After  the  boom  is  deployed: 

If  SC&CU  A is  on 
APYREN 

If  SC&CU  B is  on 
BPYREN 

BDMARM  or  BDRARM 

GIM1ARM 

GIM  IFIRE 

GIM2AKM 

G.IM2FIRE 

BDHSAF  or  BDRSAF 

If  S.C&CU  A is  on 

APYRDI 

If  SC&CU  B is  on 
BPYRDI 

TDRSS  antenna  positioning  maneuvers  can  now  be  initiated. 


LSD-WPC-263 


ORIGINAL  PAGE  IS 
OF  POOR  QUALITY 

SVS-10266 
31  December  1981 

8. 6. 2. 2. 3 Antenna  Jettison  Pyros 

If  SC&CU  A is  on 
APYREN 

If  SC&CU  B Is  on 
BPYREN 

BJMARM  or  BJRARM 

CCUTARM 

CCUTFIRE 

JETARM 

JETFIRE 

BJMSAF  or  BJRSAF 
If  SC&CU  A is  on 
APYRDI 

If  SC&CU  B is  on 
BPYRDI 
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8.6.3  COMMAND  RESTRAINTS 

8.6 .3.1  Serial  Magnitude  Command  Restraints 

The  time  between  execution  of  SC&CU  aerial  commands  should  be  128  milliseconds 
or  greater. 

8. 6. 3. 2 Pyro  Command  Restraints 

Pyros  will  not  fire  unless  all  prerequisites  are  satisfied.  The  command 
sequences  In  Paragraph  8. 6. 2. 2 have  been  chosen  to  ensure  that  prerequisite 
commands  are  executed  in  the  correct  order. 

Whan  jettisoning  the  TDRSS  antenna  boom,  the  cable  cutter  pyro  should  be  fired 
before  the  boom  jettison  pyro  is  fired. 

8.6 .3 .3  RIU  Restraints 

The  backup  mate  off  command  (MRIUDI)  should  be  addressed  only  to  a RIU  in  the 
Standby  2 state. 
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8*7  SC&CD  TELEMETRY 

Operation  of  the  SC&CU  Is  monitored  via  32  to lame try  channels  from  RID  A of 
wh  ich  A .it  re  ac  t ive  ana  1 og » 9 a re  pa  salve  ( cond  i t toned  ) ana  1 og  r eq  uixt  ng  a 1 
tui  1 li ampere  s ou rce  f r ora  the  RID , 10  are  b 1 1 eve  1 d i g i t a 1 , a nd  9 a re  s e r i a 1 

d 1 g i tal . In  ad  di  tion , RID  4 provides  1 6 a c t ive  ana  log  c hanne  1 $ for  K-S  AM 
telemetry  function,  and  1 serial  digital  and  .13  passive  analog  channels  for 
PM-1 A telemetry  functions* 

All  telemetry  monitors  are  listed  in  Table  8.7-1  by  function  name  and  acronym. 
The  ESAM  and  PM- 1 A monitors  are  included  for  information  only.  Descriptions  for 
those  functions  are  provided  in  Sections  3.7  and  7.7  respectively. 

In  Table  8.7-1  signal  types  are  designated  A LOG  for  active  analog,  PASS  for 
passive  analog,  S for  serial  digital,  and  B for  bilevel  digital  functions.  The 
numbers  associated  with  the  S and  B notations  indicate  bit  numbers  of  the  8-bit 
digital  wo vd  (where  bit  0 is  the  MSB).  SMPL  RATE  defines  the  number  of  times  & 
function  is  sampled  in  a telemetry  major  frame.  Telemetry  matrix  locations  for 
all  functions  are  the  same  in  both  the  Mission  and  Engineering  telemetry 
f o rraa  t s . 

Telemetry  function  descriptions  are  shown  in  Paragraph  8.7.1  and  3.7.2; 
telemetry  derivation  circuits  for  selected  functions  are  presented  in  Paragraph 
8.7.3. 


8.7.1  ANALOG  TELEMETRY  IT! NOTIONS 

The  SC&CD  utilises  13  analog  telemetry  channels  of  which  9 are  passive  outputs 
providing  u rape  nature  indications.  Passive  analog  outputs  are  un powered  except 
during  sampling,  at  which  time  the  RID  provides  a l rail  Hamper©  current  source 
to  the  passive  channel  as  the  output  is  sampled.  Active  analog  channels  are 
energised  by  the  SC&CD  power  supplies,  rather  than  the  RID. 

This  section  presents  analog  telemetry  descriptions  using  the  acronyms  in  Table 
8.7-1.  Where  possible,  monitors  have  been  collected  into  functional  groups  for 
case  in  understanding. 

Operating  limits  appear  in  Table  8.7-2.  The  limits  shown  were  selected  for 
warn! ng  of  potent! a 1 p rob lean  du r i ng  g r ound  test  env i ronrae at 8 . I n orbits 1 
operation,  the  telemetry  functions  should  remain  well  within  theve  limits. 

Telemetry  derivation  circuits  for  selected  analog  functions  are  presented  in 
Paragraph  8.7.3.  For  information  regarding  calibration  curves  for  the 
telemetered  functions,  sec  Appendix  A 4. 
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Table  8.7-1.  SC&CU  Telemetry  List 
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REFERENCE 

PARAGRAPH 

8.7. 2.2.1 

7.7 

7.7 

7.7 

focomiocofococococococomncoco 

RIU-CH 

1 

04-03 

04-26 

04-27 

04-28 

coNCAmo^f-i^^NrNOOLOcoOr-* 

<f  to  to  to  to  tr>  to  to  to  to  to  to  tp  to  to 

< | | | t | | t 1 ! 1 * 1 1 * * 

oooooooooooooooo 

SMPL 

RATE 

r-~  r—  r—  r—  r—  r—  r—  *—  r—  r— 

CQCOCQODCO^OOCOOOOD^^r-r-r-f-- 

CM  CM  CM  CM  CM  CM  CM  CM  CM  CM 
r-  r—  r-  r-  r—  »— r—  t—  »—  r— 

MIX  LOC 
COL, ROW 

CM  CM  CM  CM  CM  CM  CM  CM  VO  1^.  CO 
n m ro  co  ro  co  w co  oy  or  or 

CCClOr-CVJfO^inCONlCCNJ^AONro 

w ^^Nrsoocoq  ocm  ^ 

f“  CO  CO  CO  CO 

cn  cr»  to  co  co  co 

SIG. 

TYPE 

o r-  cm  co  «cr  to  to  r*>  co  t/>  tn 

i l-l  | 1 l 1 1 CO  OO  GO 

i i * ! i i i * <c  <c  <: 

(/)  CO  00  CO  </)(/)  OO  V)  O-  o»  Q- 

CDO(3OCJC3C30aJOC30  CD  CD  CD  CD 
o o o o o o o o o o o q o o q o 

1 f | ^ .wJ  «rJ  — 4 — d — J 

ACRONYM 

ZPRTKHT 

ZPRLNHT 

zprlnth 

ZBUTKHT 

ZBULNHT 

zbulnth 

ZT1ATNK 

ZT1AFUL 

ZTIALIN 

EES1YF 

EES2YF 

EESIYC 

EES2YC 

EES1XF 

EES2XF 

EES1XC 

EES2XC 

EES1SIG 

EES2SIG 

EES1SEN 

EES2SEN 

EES1TMP 

EES2TMP 

EES1BTMP 

EES2BTMP 

1 

U, 

s: 

c 

52 

2 
C 
*— « 
H 
U 
2 

U 

PH-1  A TELEMETRY  FUNCTIONS: 

PH-1 A HEATER  STATUS: 

NOT  USED  (DIGITAL  1) 

NOT  USED  (DIGITAL  1) 

PH-1 A PRI  TANK  HTR  ENA/DI SA 
PH-1 A PRI  LINE  HTR  ENA/ D ISA 
PM-TA  LINE  HTR  THMSTAT  BYP/ENA 
PM-IA  RED  TANK  HTR  ENA/DISA 
PH-1 A RED  LINE  HTR  ENA/DISA 
PM-TA  TANK  HTR  THMSTAT  BYP/ENA 
PM-IA  TANK  TEMPERATURE 
PM-TA  FUEL  TEMPERATURE 

PM-IA  LINE  TEMPERATURE 

* 

ESAM  TELEMETRY  FUNCTIONS: 

ESA-1  PITCH  FINE  ERROR 
ESA-2  PITCH  FINE  ERROR 
ESA-1  PITCH  COARSE  ERROR 
ESA-2  PITCH  COARSE  ERROR 
ESA-1  ROLL  FINE  ERROR 
ESA-2  ROLL  FINE  ERROR 
ESA-1  ROLL  COARSE  ERROR 
ESA-2  ROLL  COARSE  ERROR 
ESA-1  SIGNAL  STATUS 
ESA-2  SIGNAL  STATUS 
ESA-1  SENSOR  STATUS 
ESA-2  SENSOR  STATUS 
ESA-1  TEMPERATURE 
ESA-2  TEMPERATURE 
ESA-1  BOLOMETER  TEMPERATURE 
ESA-2  BOLOMETER  TEMPERATURE 

c 

c 

u 

0 

0 

**  uo  CO  GO  O 

^ kt  m 

, til 

% 4-  :SE  S £ 

g g;  0.0.0, 

ESAM-01 
ESAM-05 
ESAM-02 
ESAM-05 
ESAM-03 
ESAM-07 
ESAM-04 
ESAM-08 
ESAM-03 
ESAM- 10 
ESAM- 11 
ESAM- 12  • 
ESAM- 13 
ESAM- 14 
ESAM- IE 
ESAM- 16 
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Table  8.7-?..  SC&CU  Analog  Telemetry  limits 


Function 

Mode 

Liaits 

Units 

UTSCCU 

S/C  ON 

0 TO  35 

m G C 

UT1MMS 

S/C  ON 

5 TO  30 

DEG  C 

UT2MMS 

S/C  ON 

5 TO  30 

DEG  G 

0T3MMS 

S/C  ON 

5 TO  30 

DEG  C 

UT4KMS 

S/C  ON 

5 TO  30 

DEG  C 

DT5KMS 

S/C  ON 

5 TO  30 

DEG  C 

UT6MMS 

S/C  ON 

5 TO  30 

DEG  C 

OTRIUA 

S/C  ON 

0 TO  35 

DEC  C 

UTRItJB 

S/C  ON 

0 TO  35 

DEG  C 

U5VAPWR 

SCOAON 

5.0  TO  5.3 

VOLTS 

U5VAPWR 

SCUBON 

0.0  TO  0.9 

VOLTS 

U25VAPW 

SCUAON 

24.5  TO  26.5 

VOITS 

U5VBPWR 

SCUBON 

5.0  TO  5.3 

VOLTS 

U5VBPWR 

SCUAON 

0.0  TO  0.9 

VOLTS 

U25VBPW 

SCUBON 

24.5  TO  26.5 

VOLTS 
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FIGURE  8.7-1.  +5V  TELEMETRY  DERIVATION 


1GK  2.2K 


TLM 

U25VAPW 

U25VSPW 

Figure  8.7-2.  +25V  Telemetry  Derivation 
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5 . 7 ? I • 1 Power  Converter  Voltage  Monitors 

U5VAPWR  - SC&CU  A <“5  V regulated  voltage 
U25VAPW  - SCSCU  A +2$  V regulated  voltage 
USVBPm  - SC&CU  B 4*5  V regulated  voltage 
U25VBPW  - SC&CU  B 425  V regulated  voltage 

These  telemetry  functions  monitor  the  secondary  voltage  outputs  of  the  SC&CU  A 
side  and  B side  power  converters*  The  A voltages  sire  present  when  SC&CU  A is  on 
and  the  B voltages  are  present  when  SC&CU  B is  on.  Telemetry  voltages  for  the 
monitors  are  derived  from  resistive  dividers  as  shown  in  Figures  8.7-1  and 
8.7-2. 


8.7. 1.2  Internal  Temperature  Monitors 

UTSCCU  - SC&CU  module  temperature 
UTRIUA  - RIU  4A  temperature 
UTRIUB  - RIU  4B  temperature 

These  monitors  indicate  the  temperatures  derived  from  sensors  located  in  the 
SC&CU  module.  The  RIU  temperature  sensors  are  Inside  each  RIU  and  the  SC&CU 
sensor  is  mounted  ou  an  internal  surfs.ee  of  the  module.  Each  temperature  is 
derived  as  shown  in  Figure  8,7-3. 

8.7.1  3 External  Temperature  Monitor a 

Six  temperature  sensors,  UTIMMS  through  UT6>rM$ , are  located  on  the  MMS  structure 
to  indicate  spacecraft  structure  temperatures . Shunt  resistors  are  provided 
within  the  SC&CU  for  each  thermistor,  as  shown  in  Figure  8.7— 4 s to  condition  the 
signals  for  RIU  telemetry  channel  inputs. 
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8.7*2  DIGITAL  TELEMETRY  FUNCTIONS 

The  SC8CU  digital  monitors  provide  command  verification  and  subsystem  status 
information*  This  section  presents  digital  telemetry  descriptions  using  the 
acronyms  in  Table  8.7-1.  Where  possible,  monitors  are  collected  into  functional 
groups  for  ease  in  understanding. 

5.7.2.1  Bilevel  Digital  Telemetry 

Bilevel  telemetry  functions  are  utilized  to  verify  SC&CU  status  resulting  from 
execution  of  discrete  commands.  Power  for  these  monitors,  with  the  exception  of 
the  RIU  status  indicators,  is  derived  from  the  Standby  2 voltage  (*f5.3  V) 
generated  by  the  RIU  which  is  on,  and  is  independent  of  which  side  of  the  SC&CU 
is  on.  The  telemetry  derivation  circuit,  shown  in  Figure  8.7-5,  uses  contacts 
of  the  latching  relays  controlled  by  the  discrete  commands  to  change  the  bilevel 
state. 

8.7.2.1.1  SC&CU  On/Off  Status  Monitors 

As  described  in  Section  8.6,  one  side  of  the  SC&CU  is  always  on  when  the 
spacecraft  Is  powered.  SCUAON  turns  the  A side  on  and  the  B side  off;  S COTON 
turns  the  B side  on  and  the  A side  off.  Two  monitors,  UBOFFAON  and  UAOFFBOM  are 
used  to  determine  which  side  is  on.  They  are  decoded  as  shown  below. 

UBOFFAON  0 SC&CU  A off 

1 « SC&CU  A on 

UAOFFBON  0 * SC&CU  B off 

1 « SC&CU  B on 

8. 7. 2. 1.2  Pyro  Enable/Disable  Status  Monitors 

UASPYRED  and  UBSPYRED  indicate  the  status  of  the  pyro  enable/disable  latching 
relays.  Pyros  can  not  be  fired  from  the  SC&CU  A side  unless  the  A side  pyros 
are  enabled.  Conversely,  pyros  can  not . be  fired  from  the  SC&CU  B side  unless 
the  *B  side  pyros  are  enabled.  Both  sides  should  be  disabled  when  no  pyro 
firings  are  being  executed.  The  monitors  are  decoded  as  follows. 

UASPYRED  0 » A side  pyros  disabled 
1 ■»  A side  pyros  enabled 

UBSPYRED  0 « B side  pyros  disabled 
1 ® B side  pyros  enabled 
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8.7 •2*1*3  SC&CU  Heater  Status  Monitors 

The  status  of  the  latching  relays  which  control  the  SC&CU  module  prim .7  (A)  and 
redundant  (S’*  heaters  is  indicated  by  the  monitors  UHIRAED,  UTHTABS , UHjlRBEB  and 
UTHTBBE.  The  monitors  are  decoded  as  shown  below. 

UHTRAED  0 « SC&CU  heater  A disabled 
1 ® SC&CU  heater  A enabled 

UTHTA3E  0 « Heater  A thermostat  enabled 
1 «=*  Heater  A thermootat  bypassed 

UHTPvBED  0 « SC&CU  heater  B disabled 
1 • SCACU  heater  B enabled 

UTHTBBE  0 « heater  B thermostat  enabled 
1 « Heater  B thermostat  bypassed 


8. 7. 2. 1.4  RXU  Status  Monitors 


URIUSBA  and  UMATENF  indicate  RIU  4A  and  4B  status  resulting  from  the  RIU  control 

commands  of  Paragraph  8.6.  The  monitors  are  derived  as  shown  in  Figure  8-7-6 
and  are  decoded  as  follows. 


URIUSBA  UMATENF  RIU  4A/4B  Status 


0 

0 

1 

1 


0 

A OH, 

B 

OFF 

1 

A OH, 

B 

STANDBY 

1 

0 

B OH, 

A 

OFF 

1 

B ON, 

A 

STANDBY 

1 

8. 7. 2. 2 Serial  Digital  Telemetry 

The  SC&CU  outputs  ten  8-bit  serial  digital  telemetry  ^ords  to  RIU  4.  Four  the 
the  words  provide  payload  heater  status,  two  provide  spacecraft  (MM3)  heater 
statu®,  three  provide  pyro  control  status,  and  the  remaining  word  provides  FM-1A 
heater  status.  Each  side  of  the  SC&CU  has  a dedicated  serial  digital  telemetry 
encoder.  Thus,  when  SC&CU  A is  on  the  5 V(A)  logic  power  energizes  the  A side 
telemetry  encoder  which  outputs  serial  telemetry  words  to  the  active  RIU. 
Similarly,  when  SC4CU  B is  on  the  5 V(B)  logic  power  energizes  the  B side 
telemetry  encoder.  As  indicated  in  Paragraph  8. 7. 2.1.1,  one  aide  of  the  SC&CU 
is  always  on  and  the  other  side. is  off.  Both  side®  can  not  be  on  or  off  at  the 
same  time. 
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8*7  *2 *2*1  He&tor  Status  Telemetry 

Each  of  ths  ton  heater  status  telemetry  words  Is  derived  a©  shown  ir  Figure 
8*7-7.  Th©  tolay  contacts  are  shown  in  tha  logic  "0"  position  and  ar© 
additional  contact©  of  th©  relays  in  Figur©  8.6-4.  The  two  most  significant 
bits  (MSB)  of  ©v@ry  heater  status  word  are*  fixed  at  logic  "1".  Th©  six 
remaining  bits  of  th©  word  &r@  used  as  bilevel  indicators  of  relay  states 
resulting  from  heater  control  commands.  Decoding  of  each  word  1©  presented  in 
the  following  paragraph®.  Bits  &r©  numbered  S~0  (MSB)  through  S-7  (LSB)* 


SC/CU-01.  Payload  Heaters  1,2  Status 

Heater  1 * Upper  support  structure  (USS)  heater  1 
Hester  2 « Direct  Access  S-Band  (DASB)  radiator  heater 


Bit  Acronym 

S-0 

S-l 

S-2  USSiAHTR 

S-3  USS1BHTR 

S-4  USS1THT 

S-5  USBHTRA 

S-6  USBHTRB 

S-7  USBTHT 

SC/CU-02.  Pavload  Boaters  3 


Bit  State  Definition 

Always  digital  "1" 

Always  digital  "1" 

0 « USS  htr  1A  disabled 

1 ® USS  htr  1A  ©nahled 

0 * USS  htr  IE  disabled 

1 » USS  htr  IB  enabled 

0 ® USS  htr  1 thermostat  enabled 

1 USS  htr  l thermostat  bypassed 

0 DASB  htr  A disabled 

1 DASB  htr  A ©nab led 

0 60  DASB  htr  B disabled 

1 « DASB  htr  B onablod 

0 ra  DASB  htr  thermostat  enabled 

1 • DASB  htr  thermostat  bypassed 

* Status 


Heater  3 ® TM/mission  adaptor  (TM MA)  heater 
Heater  4 » MSS  interface  A (MSS  I/F  A)  heater 


Bit  Acronym 


Bit  State  Definition 


S-0 

S-l 

S-2  UTKMARA 

S~3  UTMKAHE 

S-4  UTMMATH 


Always  digital  "1** 

Always  digital  "1" 

0 « TM/KA  primary  heater  disabled 

1 « TM/MA  primary  heater  enabled 

0 13  TM/HA  redundant  htr  disabled 

1 **  TM/MA  redundant  htr  enabled 

0 TM/MA  htr  thermostat  enabled 

1 m TM/MA  htr  thermostat  bypassed 
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S-5 

UMSAHTA 

0 «*  MSS  I/F  A primary  heater  disabled 

1 ■ MSS  I/F  A arimary  heater  enabled 

S-6 

UMSAHTB 

0 « MSS  I/F  A redundant  htr  disabled 

. 

1 « MSS  I/F  A redundant  htr  enabled 

S-7 

UMSATHT 

0 « MSS  I/F  A htr  thermostat  enabled 

1 » MSS  I/F  A htr  thermostat  bypassed 

sc/ca-03. 

Payload  Heaters 

5,6  Status 

Heater 

5 “ Wideband  Module  Interface  (WB  I/F)  heater 

Heater 

6 ® Upper  Support  Structure  (USS)  heater  2 

Bit 

Acronym 

Bit  State  Definition 

S-0 

Always  digital  "1" 

S-l 

Always  digital  ”1" 

S-2 

UWBHTRA 

0 m WB  I/F  primary  heater  disabled 

1 « WB  I/F  primary  heater  enabled 

S-3 

UWBHTRB 

0 « WB  I/F  redundant  htr  disabled 

1 « WB  I/F  redundant  htr  enabled 

S-4 

UWBTHT 

0 » WB  I/F  htr  thermostat  enabled 

1 « WB  I/F  htr  thermostat  bypassed 

S-5 

USS2AHTR 

0 « USS  heater  2A  disabled 

1 « USS  heater  2A  enabled 

S-6 

USS2BHTR 

0 «*  USS  heater  2B  disabled 

1 « USS  heater  2B  enabled 

S-7 

USS2THT 

0 ® USS  htr  2 thermostat  enabled 

1 « USS  htr  2 thermostat  bypassed 

SC/CU-04. 

Psyload  Heaters 

7,8  Status 

Heater  7 13  Thematic  Mapper  Safehold  (TM  S/H)  heater 
Heater  8 **  Not  connected  to  any  heater  (spare) 


Bit 

Acronym 

Bit  State  Definition 

S-0 

Always  digital  "1" 

S-l 

Always  digital  "1" 

S-2 

UTMHTR1 

0 ® TM  S/H  heater  1 disabled 

- 

1 « TM  S/H  heater  1 enabled 

S-3 

UTMHTR2 

0 ® TM  S/H  heater  2 disabled 

1 TM  S/H  heater  2 enabled 

S-4 

UTMTHT 

0 ®»  TM  S/H  htr  thermostat  enabled 

1 « TM  S/H  htr  thermostat  bypassed 

S-5 

0PL8ABTR 

0 « Heater  8 primary  disabled 

1 «*  Heater  8 primary  enabled 

S-6 

UPI8BHTR 

0 Heater  8 redundant  disabled 

1 63  Heater  8 redundant  enabled 
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_ 1 

S-7  UPL8THT  0 » Heater  8 thermostat  enabled 

1 “ Heater  8 thermostat  bypassed 

SC/ CU-05 ♦ Spacecraft  (MMS)  Structure  Heaters  l,2g3 


Bit 

Acronym 

Bit  State  Definition 

S-0 

Always  digital  "l"’ 

S-l 

Always  digital  ”1** 

S-2 

USCHTRl 

0 « HMS  heater  1 disabled 

1 » MMS  heater  1 enabled 

S-3 

USC1THT 

0 ■ MMS  heater  1 thermostat  enabled 
X - MMS  heater  1 thermostat  bypassed 

S-4 

USCHTR2 

0 - MMS  heater  2 disabled 

1 “ MMS  heater  2 enabled 

S-5 

USC2THT 

0 « MMS  heater  2 thermostat  enabled 

1 » MMS  heater  2 thermostat  bypassed 

S-6 

U3CHTR3 

0 « MMS  heater  3 disabled 

• 

1 * MMS  heater  3 enabled 

S-7 

USC3THT 

0 « MMS  heater  3 thermostat  enabled 

1 KMS  heater  3 themes  tat  byp&ased 

SC/CU-06. 

Spacecraft  Structure  Heaters  4,5*6 

Bit 

Acronym 

Bit  State  Definition 

S-0 

Always  digital  **1" 

S-l 

Always  digital  "1" 

S-2 

USCHTR4 

0 * MMS  heater  4 disabled 

1 88  MMS  heater  4 enabled 

S-3 

USC4THT 

0 63  MMS  heater  4 thermostat  enabled 

1 ® MMS  heater  4 thermostat  bypassed 

S-4 

USCHTR5 

0 • MMS  heater  5 dis^bl«d 

1 153  MMS  heater  5 enabled 

S-5 

USC5THT 

0 « MMS  heater  5 thermostat  enabled 

1 « MS  heater  5 thermostat  bypassed 

S-6 

0SCHTR6 

0 « MMS  heater  6 disabled 

1 » MMS  heater  6 enabled 

S-7 

USC6THT 

0 MMS  heater  6 thermostat  enabled 

1 **  MMS  heater  6 thermostat  bypassed 
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PM-45.  PM-1A  Heater  Status 

Bit  Acronym 

S-0 

S“1 

S-2  ZPRTKHT 

S-3  ZPRLNHT 

S-4  ZPRLNTH 

S-5  ZBUTKHT 

S-6  ZBULNET 

S-7  ZBULNTH 


8*7  ,2. 2. 2 Pyro  Status  Telemetry 

Each  of  the  three  pyro  status  words  is  derived  as  shown  la  Figure  8*7~S*  All 
relay  contacts  in  the  figure  are  shown  in  the  safe  position*  The  most 
significant  bit  (S-0)  of  every  word  is  fixed  at  logic  Bit  8~i  indicates 

the  state  of  the  master  safe /am  latching  relay  on  the  3CSCU  side  which  is  off* 
Thus  if  SC&CU  A is  on  bit  S-G  indicates  the  state  of  the  B side  master  am/ safe 
relay,  and  vice  versa.  The  state  of  the  master  arm/ safe  relay  of  the  on  side  is 
determined  by  the  level  of  bit  S~2.  Bits  S~3  through  S-6  indicate  the  position 
of  individual  arm  relays#  Bit  S-7  provides  a continuity  check  indicating 
whether  a pyro  arm  plug,  necessary  for  pyro  firing,  has  been  installed.  This 
bit  is  valid  only  for  the  SC&CU  side  which  Is  on;  if  SC&CU  A is  on  it  indicates 
the  status  of  the  A side  pyro  arm  plug,  and  if  SC&CU  B la  on  it  indicates  the 
status  of  the  B side  pyro  arm  plug.  Unlike  master  ann/safe  relay  status,  arm 
plug  statue  is  not  transferred  between  the  A and  B sides  for  monitoring 
purposes.  Decoding  of  each  pyro  status  word  is  presented  in  the  following 
paragraphs . 

SC/CU-07  * Antenna  Deploy  Pyro  Status 


Bit 

Acronym 

Bit  State  Definition 

S-0 

Always  digital  M1 ” 

$~l 

UBDUMAS 

0 ® Unpowered  side  master  safe 

1 » Uapowered  side  master  armed 

S-2 

UBBPMAS 

0 » Powered  side  master  safe 

1 Powered  side  master  armed 

S-3 

UBDIML 

0 > ® Boom  unlatch  pyro  safe 

I Boom  unlatch  pyro  armed 
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Bit  State  Definition 


Always  digital  ”1” 

Always  digital  "l” 

0 83  Primary  tank  heater  disabled 

1 Primary  tank  heater  enabled 

0 ® Primary  line  heater  disabled 

1 » Primary  line  heater  enabled 

0 * Line  heater  t he mo & tat  enabled 

1 ® Line  heater  thermostat  bypassed 

0 » Redundant  tank  heater  disabled 

1 ■ Redundant  tank  heater  enabled 
0 «*  Redundant  line  heater  disabled 
,1  « Redundant  line  heater  enabled 

0 ® Tank  heater  thermostat  enabled 

1 * Tank  heater  thermostat  bypassed 


< ) 
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S-4  UBDGIM1  0 • GM  launcfi  Xoek  pyro  1 safe 

1 « GDA  launch  lock  pyro  1 armed 
S-5  UBDGIM2  0 -»  GDA  launch  lock  pyro  2 safe 

1 ® GDA  launch  lock  pyro  2 armed 
S-6  UBDSPAR  0 183  Spare  (unused)  pyro  saf© 

1 « Spare  (unused)  pyro  armed 
S-7  ITBBPLUG  0 ~ Arm  plug  continuity  YES 

1 » Arm  plug  continuity  NO 

Note  that  digital  "0"  indicates  SAFE.  Therefore  when  SC/CU-07  ■ 10000000,  all 

pyro  relays  are  in  a safe  mode  and  the  arm  plug  is  installed.  This  is  also  true 
for  pyro  status  words  SC/CU-08  and  SC/CU-09. 

SC/CU-08.  Solar  Array  Deploy  Pyro  Status 

Bit  Acronym  Bit  State  Definition 

S-0  Always  digital  "1" 

S-l  UADUMAS  0 *»  Unpowered  side  master  safe 

1 " Unpowered  side  master  armed 
S~2  UADPKAS  0 ■ Powered  side  master  safe 

1 ® Powered  ©id©  master  armed 
S-3  UADST1A  0 281  Set  1 pyros  1A  & 2B  safe 

1 » Set  l pyros  1A  6s  2.B  armed 
S-4  UADST1B  0 «*»  Set  1 pyros  2A  & IB  safe 

1 ®*  Set  1 pyros  2 A & IB  armed 
S-5  UADST2A  0 • Set  2 pyros  3A  & 4B  safe 

1 « Set  2 pyros  3A  & 4B  armed 
S-6  UADST2B  0 88  Set  2 pyros  4A  & 3B  safe 

1 Set  2 pyros  4 A & 3B  armed 
S-7  UADPLUG  0 53  Arm  plug  continuity  YES 

1 « Ana  plug  continuity  NO 

SC/CU  -09.  Antenna  Jettison  Pyro  Status 


Bit 

Acronym 

Bit  State  Definition 

SHO 

Always  digital  "X" 

S-l 

UBJUMAS 

0 ■ Unpowered  side  master  safe 

1 ® Unpowered  side  master  armed 

S-2 

UBJPKAS 

0 » Powered  side  master  safe 

1 *»  Powered  side  master  armed 

S-3 

UBJCCUT 

0 - GDA  cable  cutter  pyro  safe 

1 m GDA  cable  cutter  pyro  armed 

S-4 

UBJPYPvO 

0 ■*  Boom  jettison  pyro  safe 

1 **  Boom  jettison  pyro  armed 
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S~5 

UBJSPR1 

0 - Spare  (unused)  pyro  1 safe 

1 « Spare  (unused)  pyro  1 armed 

S-6 

OBJSPR2 

0 Spare  (unused)  pyro  2 safe 

1 * Spare  (unused)  pyro  2 armed 

S-7 

UBJPLUG 

0 ® Ana  plug  continuity  YES 

1 ® Arm  plug  continuity  NO 


LSEHWPG-263 


8-62 


ORIGINAL'  PAGE  IS 
OF  POOR  QUALITY 

SVS-10266 
31  December  1981 

8.7.3  TELEMETRY  DERIVATION  SCHEMATICS 

This  section  provides  functional  schematics  showing  the  derivation  of  the 
telemetry  functions  as  an  aid  to  understanding  the  telemetry  interface.  These 
functional  schematics  are  provided  as  information  only  and  are  superseded  by  the 
exact  circuits  defined  on  SC&CU  drawings. 
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FIGURE  8.7-3.  INTERNAL  TEMPERATURE  MONITOR  DERIVATION 
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Figure  8.7-4. 


External  Temperature  Monitor  Derivation 
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Figure  8.7-5.  Discrete  Command  Telemetry  Verificati 


Figure  8.7-6.  RIU  Status  Monitor  Derivation 
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Figure  8.7-8* 


Pyro  Status  Telemetry  Word  Derivation 
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The  Modular  Power  Subsystem  (MPS)  is  one  of  three  functional  modules  comprising 
a basic  modularized  spacecraft  referred  herein  as  a Multimission  Modular 
Spacecraft  (MMS).  The  three  M MS  modules  (Figure  9-1),  Modular  Power  Subsystem 
(MPS),  Communication  and  Data  Handling  (C&.D.H)  and  Modular  Attitude  Control 
Subsystem  (MACS)  are  of  similar  dimensions  and  construction  and  are  mounted  to 
the  module  support  structure.  A smaller  module,  the  Signal  Conditioning  and 
Control  Unit  (SC&CU)  provides  mission  unique  circuitry  for  Landsat-D  referred  to 
as  spacecraft  in  this  section. 

The  MMS  is  configured  for  the  Landsat-D  mission  by  adding  an  Instrument  Module 
(IMJ,  composed  of  a payload,  a Solar  Array  (SA),  and  a high  gain  antenna. 


The  MPS  receives  electrical  power  from  the  solar  array  and  conditions,  regulates 
and  controls  this  power  for  use  by  the  spacecraft*  During  periods  when  the 
solar  array  is  not  illuminated,  MPS  batteries  supply  spacecraft  power.  The 
batteries  also  supplement  solar  array  power  during  periods  of  peak  power  demand. 
Spacecraft  electrical  power  requirements  vary  with  each  mission  (I.e.,  Thematic 
Mapper  and/or  Multispectral  Scanner). 
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Figure  9~1.  MMS  Subsystems 
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9.1  FUNCTIONAL  description 

The  primary  function  of  the  MPS  is  to  provide  power  to  the  MMS  and  its  payload* 
Power  is  supplied  by  the  MP5  through  the  KPS  Module/Spacecraft  interface 
connectors  and  MMS  harness.  This  harness  routes  each  of  the  following  MPS  power 
outputs  to  MMS  modules  and  Instrument  Module: 

1.  MACS  Module  Tower 

2.  C&DH  Module  Power 

3.  SC&CU  Module  Power 

4.  Propuls ion/Actuat ion  Module  Power 

5.  Instrument  Module  Power  (Payload) 


Figure  9-2  Is  a functional  description  of  the  modules. 


( 
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External  power  sources  available  to  the  MPf  during  different  mission  phases  are 
routed  to  the  MPS  through  the  MMS  harness.  These  sources,  discussed  in  detail 
in  the  Power  Sources  description.  Section  9.2.1,  provide  the  MPS  with  the 
following  power  inputs: 


1 * Main  Array  Power 

2.  GND/Shuttle  Power  Direct 

3.  GND/Shuttle  Power  Main 

4.  Ground  Charge 

5*  Hardline  Resupply  Heater  Power 


Primary  MPS  functions  are  conditioning,  controlling,  monitoring  and  distributing 
power  received  by  the  MPS  from  the  various  sources.  In  block  diagram  form. 
Figure  9-3  shows  power  distribution  throughout  the  MPS  with  power  control 
provided  by  relays  and  fuses,  power  monitoring  by  current  sensors  (with  data 
supplied  to  the  SCA),  and  power  conditioning  provided  by  the  PRU. 


Voltage  on  the  unregulated  bus  Is  distributed  by  the  MPS  as  follows: 
Unregulated  bus  voltage  is  applied  to  the  PCU  load  bus.  The  load  bus 
distributes  this  voltage  to  MPS  internal  and  external  loads.  Power  for  the  MPS 
internal  load,  Power  Regulation  Unit  (PRU)  and  for  one  external  load  (SC&CU)  is 
provided  directly  from  the  KPS  load  bus.  Power  for  current  sensors  and  heaters 
is  provided  to  the  Bus  Protection  Assembly  (BP A)  where  each  load  is  protected  by 
redundant  fuses.  Power  provided  to  the  BPA  for  heater  circuits  may  be 
interrupted  by  the  heater  ON/OFF  relays.  One  current  sensor  monitors  both  the 
MPS  internal  load  current  and  the  SC&CU  current.  For  external  KPS  power 
distribution,  the  load  bus  voltage  Is  applied  to  the  instrument  load  bus  through 
redundant  PDR^s  (Power  Disconnect  Relays)  which  provide  for  removal  of  the  MPS 
external  loads. 


The  instrument  load  bus  provides  power  distribution  to  the  following  MPS 
external  loads;  C&DH  module  power,  ACS  module  power,  propulsion/actuation  module 
power  and  Instrument  Module  Power  (Payload).  Loads  $ re  monitored  by  current 
sensors,  and  the  two  instrument  module  busses  are  fused  to  protect  the  load  bus- 

For  MPS  control  by  the  C&DH  ON-Board  Computer  (OBC) , command  and  data  handling 
circuits  are  required.  Two  redundant  RIU's  (A&B)  provide  MPS  Interface  with  the 
MMS  multiplex  data  bus  (MDB).  Commands  from  the  OBC  are  received  by  the  RIU^s 
via  the  MDB  and  MPS  module/spacecraft  interface  connectors.  The  RIU^s  format 
these  commands  for  use  by  the  SCA.  Circuits  In  the  SCA  condition  the  commands 
for  use  throughout  the  MPS.  Monitor  and  status  data  from  points  throughout  the 
KPS  is  conditioned  by  SCA  circuits  and  routed  to  the  RIU^s.  The  RIU's  format 
this  data  for  sending  via  the  MDB  to  the  C&DH  module.  The  C&DH  module 
distributes  the  data  to  the  OBC  and  to  the  IM  for  telemetry  transmission. 
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Figure  9-3.  M?S  Block  Diagram 
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9.1.1  POWER  SOURCES 

Depending  on  the  phase  of  the  spacecraft  mission,  various  sources  of  electrical 
energy  are  available  to  the  MPS.  The  sources,  when  they  are  used,  when  they  are 
available,  and  their  routing  to  the  MPS , are  discussed  in  the  following 
paragraphs : 

9. 1.1.1  Solar  Array 


During  orbital  flight,  the  primary  source  of  electrical  energy  for  the  KPS  is 
the  spacecraft  solar  array.  It  is  designed  to  satisfy  the  maximum  electrical 
load  of  the  spacecraft.  MPS  solar  array  input  power  has  the  following 

requirements: 


Open  Circuit  Volts 


Min  Volts:  55  VDC  (0  volts  at  eclipse) 
Max  Volts:  125  VDC 


Short  Circuit  Current 


72  Amps  Max 

1*7  Amps  Min  (0  amps  at  eclipse) 


Electrical  energy  generated  by  the  solar  array  is  routed  from  the  array  through 
the  spacecraft  harness  to  the  MPS.  The  solar  energy  is  applied  to  the  MPS 
through  redundant  inputs  and  referred  to  as  Main  Array  Power. 


9 . 1  • 1 . 2 Battery  Power 

During  eclipse  periods  of  the  spacecraft  orbital  flight,  no  sunlight  strikes  the 
solar  array  and  the  solar  array  provides  no  electrical  energy.  MPS  batteries 
provide  the  only  source  of  electrical  energy  for  spacecraft  power  requirements 
during  an  eclipse  period.  Battery  power  is  also  available  to  supplement  solar 
array  power  during  periods  of  peak  power  load.  Battery  voltage  is  routed  from 
battery  terminals  through  KPS  cables  to  the  PCD.  Then  through  high  and  low  range 
current  sensors,  through  a power  disconnects  relay  (PDR),  and  through  a diode 
onto  the  PCU  unregulated  bus  as  shown  in  Figure  9-3.  During  battery  charging, 
array  power  output  is  routed  to  the  battery  terminals  in  a similar  manner  except 
the  diode  is  bypassed  with  the  ON/OFF  charge  relay. 

9. 1.1. 3 Ground/Shuttle  Charge  Power 

In  addition  to  the  solar  array  power  input,  the  MPS  is  provided  with  three 
additional  power  inputs  to  be  used  potentially  at  various  times  during  the 
spacecraft  mission.  These  inputs  are  GND/Shuttle  PWR  MAIN,  GND/Shuttle  PWR 
Direct,  and  Ground  Charge  for  batteries 

9. 1.1. 4 GND/Shuttle  Pwr  Main 

This  power  input  may  be  used  during  ground  testing,  prelaunch  and  spacecraft 
retrieval  and  resupply  in  orbit  by  the  shuttle  craft  to  provide  electrical  power 
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for  the  complete  spacecraft.  This  power  is  applied  to  the  spacecraft  through 
the  spacecraft  umbilical  connector  and  routed  through  the  spacecraft  harness  to 
the  MPS  module/spacecraft  interface  connectors.  Within  the  HP 5 this  power  in 
routed  onto  the  solar  array  bus  through  the  solar  array  current  sensor.  A diode 
in  each  power  input  line  isolates  the  KPS  from  faults  that  may  occur  on  the 
external  supply  lines. 

9. 1.1. 5 GND/ Shut tie  Pwr  Direct 

This  is  the  second  type  of  MPS  power  input  routed  through  the  spacecraft 
umbilical  connectors  to  the  MPS.  Within  the  MPS,  the  difference  between  this 
input  and  the  GND/Shuttle  Power  Main  input,  described  above,  is  that  GND/Shuttle 
Pwr  Direct  input  bypasses  the  solar  array  and  the  PRU , applying  voltage  directly 
onto  the  MPS  unregulated  bus.  The  GND/Shuttle  Pwr  Direct  input  is  isolated  by 
diodes.  This  power  input  may  be  used  during  ground  testing,  prelaunch,  and 
spacecraft  retrieval  and  resupply  in  orbit  by  the  shuttle  craft. 

9 1.1.6  Ground  Charge 

The  MPS  batteries  can  be  charged  from  an  external  power  source  without  powering 
up  the  total  MPS.  A ground  charge  provides  the  third  type  of  MPS  power  input 
routed  through  the  spacecraft  umbilical  connectors  to  the  MPS.  Within  the  MPS 
these  inputs  are  routed  through  current  sensors  in  the  PCU  and  then  directly  to 
the  MPS  battery  terminals.  These  inputs  are  used  to  supply  voltage  for  battery 
charging  and  are  isolated  by  diodes.  The  voltage  supplied  by  these  inputs  is 
not  controlled  by  MPS  circuits  and  the  current  sensors  are  not  used  for  ground 
charge  control  or  monitoring. 

9,1.2  POWER  REGULATION  AND  CONTROL 


9. 1.2.1  PRU  Functions 

The  PRU  provides  three  main  functions:  conditioning  of  power  applied  to  the  PCU 
solar  array  bus  (Main  Array  Power  and  GND/Shuttle  Pwr  Main),  supplying 
conditioned  power  to  the  PCU  unregulated  bus,  and  controlling  the  charging  of 
batteries.  The  PRU  will  function  in  one  of  three  modes:  1)  Standby,  2)  Peak 
Power  Tracking,  and  3)  Voltage  Limit.  (See  Section  9.3  for  detailed  explanation 
of  modes  of  operation.)  In  performing  its  function,  the  PRU  provides  the  most 
efficient  use  of  available  solar  array  power  when  operating  in  the  peak  power 
tracking  mode. 
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PRU  output  voltage  (22*35  volts)  is  determined  by  the  battery  terminal  voltage. 
Additional  PRU  characteristics  are  as  follows: 

PRU  INPUT 

Voltage  - 125  Volts  Maximum 

40  Volts  Minimum 


Current 

Power 

Reflected  Ripple 

PRU  OUTPUT 

Voltage 

Current 

Power 


72  Amperes  Maximum 
4 Amperes  Minimum 

4500  Watts  Maximum 
0.0  Watts  Minimum  (Eclipse) 

160  Watts  minimum  ((Operation) 

Less  than  7.5  Amperes  Peak  to  Peak, 
All  operating  modes 


22*35  Volts 

108  Amperes  Maxi mum 

3600  Watts  Maximum 


Current  Ripple 


9. 1.2. 2 PCU  Functions 


Less  than  7.5  Amperes  Peak  to  Peak, 
all  operating  modes  1 Hz  to  15  KHz 


Power  from  the  PRU  or  GND/Shuttle  Pwr  Direct  input  is  applied  to  the  PCU  for 
control  and  monitor  functions  in  preparation  for  distribution  by  the  PCU  load 
bus.  In  the  following  paragraph,  control  and  monitor  functions  are  described 
for  each  MPS  power  source,  with  distribution  described  in  the  Power  Distribution 
paragraph  9.1.3. 


9 . 1 . 2 . 3 Main  Array  Power 

The  spacecraft  solar  array  power  is  applied  to  the  PCU  solar  array  bus  after 
being  routed  through  the  power  disconnect  relays  (PM)  and  current  sensors  (CS) 
as  shown  in  Figure  9-3.  Main  array  power  is  routed  to  the  PCU  by  the  MPS 
internal  cabling  and  then  routed  to  a P;DR*  When  enabled,  the  PDR  applies  Main 
Array  Power  to  the  solar  array  bus.  Disabling  thic  PBR  removes  the  power. 
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9*1. 2. 4 Ground/Shuttle  Power  Main 


Power  from  this  source  is  applied  to  the  PCU  solar  array  bus  after  being  routed 
from  the  PCU  input  connectors  through  a current  sensor  and  an  isolation  diode* 
The  isolation  diode  protects  the  MPS  circuits  from  a fault  external  to  the  KPS* 
The  Ground/Shuttle  Power  Main  returns  are  routed  directly  to  the  PCU  return  bus. 

Power  applied  to  the  PCU  solar  array  bus  from  either  of  the  above  sources  is 
routed  directly  to  the  PRU  input*  The  PRU  conditions  and  regulates  the  power  as 
described  -In  Section  9. 1*2.1  PRU  Functions*  Conditioned  power  from  the  PRU 
output  is  routed  onto  the  PCU  unregulated  bus.  This  is  one  of  three  sources  of 
power  supplied  to  the  unregulated  bus*  The  second  source  is  GND/ Shut tie  Power 
Direct  which  is  routed  through  a current  sensor  and  a diode  and  onto  the 
unregulated  bus-  The  diode  protects  MPS  circuits  from  a fault  external  to  the 
KPS.  The  third  regulated  bus  power  source  is  battery  power.  Power  applied  to 
the  unregulated  bus  is  routed  directly  to  the  PCU  load  bus  for  distribution  as 
described  in  paragraph  9.1.3,  Power  Distributidn. 

9. 1.2. 5 Battery  Power 


The  third  source  of  unregulated  bus  power,  battery  power,  is  used  when  the  Main 
Array  Power  is  not  available  (eclipse  period)  or  during  periods  of  peak  power 
demand  if  the  solar  array  output  is  insufficient*  Each  batteries  voltage  is 
applied  to  the  unregulated  bus  by  routing  battery  positive  voltage  through  two 
current  sensors  (CS),  a power  disconnect  relay  (PDR),  and  an  ON/OFF  charge  relay 
as  shown  in  Figure  9*~3 . Battery  returns  are  routed  through  a current  sensor  to 
the  PCU  return  bus. 

9.1.3  POWER  DISTRIBUTION 

KPS  power  distribution  to  internal  and  external  loads  is  provided  by  the  PCU 
load  bus  and  the  PCU  Instrument  load  bus.  Returns  are  to  the  PCU  load  bus  with 
a current  sensor  monitoring  current.  The  current  sensor  monitors  the  total 
current  drawn  by  KPS  internal  and  external  loads. 

9. 1.3.1  Internal  Power  Distribution 


Power  requirements  wichin  the  MPS  include  KPS  heater  power  and  BPA  power.  A 
current  sensor  monitors  current  drawn  by  BPA  power,  HTR  power,  and  SC&CU  module 
power.  The  power  for  the  BPA  power  and  SC&CU  module  is  provided  through 
redundant  wiring  from  the  PCU  load  bus. 

Two  independent  power  inputs  are  provided  the.  BPA  by  the  PCU  head  Bus,  i.e. , KPS 
heater  power  and  ?A  power.  The  heater  power  is  touted  through  redundant  PCU 
power  disconnect  relays  which  are  controlled  by  a command  from  the  SCA  relay 
driver  circuits  (Figure  9~7). 
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The  BPA  provides  distribution  of  its  two  power  inputs  through  redundant  fused 
circuits  to  non-critieal  MPS  interval  loads  as  follows:  The  BPA  provides 

redundant  fuse  circuits  of  three  ratings;  1 Amp,  2 Amp  and  3 Aaj),  with  test 
points  supplied  for  the  monitoring  of  each  fuse  status*  The  fuse  circuits  are 
on  replaceable  printed  circuit  cards  with  the  primary  and  redundant  fuses  on 
separate  boards*  Figure  9-4  shows  a typical  BPA  redundant  fuse  circuit*  MPS 
Heater  Power  input  to  the  BPA  is  routed  through  two  3 Amp  fuse  redundant 
circuits  providing  HTR  Pwr  A & B outputs  from  the  BPA  to  heaters  HR  Al;  A2  and 
HR  Bl,  B2  (Figure  9-3).  The  second  BPA  input  (BPA  Power)  is  routed  through  the 
BPA  3 Amp,  2 Amp  or  1 Amp  fuse  circuits  providing  the  following  BPA  outputs: 

1*  Power  A and  B to  RIU-A  (2  Amp) 

2.  Power  A and  B to  RIU-B  (2  Amp) 

3*  SCA  DC  to  DC  Converter  Power  A and  B (3  Amp) 

9. 1.3*2  External  Power  Distribution 

Spacecraft  power  requirements  include  the  following: 

1.  SC&CU  Module  Power 
2*  C&DH  Module  Power 

3.  ACS  Module  Power 

4.  Propuls ion/ Actuation  Module  Power 
9.  Payload  Power 
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Figure  S-4.  Typical  BPA  Redundant  Fuse  Circuit 
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The  SC&CU  module  power  provided  by  the  PCU  Load  Bun,  and  monitored  by  the  s&me 
circuit  sensor  as  MPS  internal  lo^ds,  is  discussed  in  the  Internal  Power 
Distribution  paragraph.  The  PCD  Instrument  Load  Bus  distributes  for  each  MPS 
external  load  except  the  S C h CD  Ho dale  p o we r . 7' he  vo 1 1 age  on  the  PCU  Load  Hu & is 
applied  through  redundant  PCU  power  disconnect  relays  instrument  Load  Power 

Disconnect  to  the  Instrument  Load  Bus*  These  relays  are  each  controlled  by 

hardline  commands  Load  PD  Enable  CMD  A and  CMD  B and  a Load  PD#  disable  CMD  A 
and  CMD  B and  by  redundant  enable  command®  from  Che  SCA.  The  Instrument  Load 
Pwr  Disconnect  (FDR)  provide  a method  of  removing  external  loads  from  the  MPS. 
The  Instrument  Load  Bus  voltage  is  routed  through  a current  sensor  and  PCU 
connectors  for  distribution  by  the  spacecraft  harness  to  the  ACS  Module  power 
and  Propulsion/Activation  module  as  shown  in  Figure  9*3.  C&DH  module  power  has 
a similar  routing  through  a current  sensor  and  the  MPS  Module/Spacecraf t 
interface  connecter  to  the  C&DH  module  via  the  spacecraft  harness. 

9. 1.3. 3 Payload  Power 

Instrument  Module  Bus  A & Bus  B is  supplied  by  the  voltage  from  the  PCU 

instrument  load  bus  as  shown  in  Figure  9*3.  High  and  low  range  current  sensors 

monitor  the  payload  power.  Two  150  amp  replaceable  fuses  located  in  the  PCU 
provide  instrument  load  bus  power  protection.  Fuse  FI  is  in  series  with  payload 
BUS  A.  BUS  B#  including  Fuse  F2  can  be  commanded  open  by  the  from  the  SCA  relay 
drivers : I NSTR  FUSE  SELECT  relay  located  in  the  PCU.  The  I NSTR  FUSE  SELECT 

relay  is  controlled  by  two  commands  from  the  SCA  relay  drivers:  1 NSTR  FUSE 

SELECT  i (CMD  36)  and  I NSTR  FUSE  SELECT  t and  2 (CMD  37)  (refer  to  Figure  9-14). 
After  passing  through  the  fuse  circuit,  payload  power  is  roof*d  through  PCU 
connectors  INSIR  BUS  A and  l MSTR  BUS  B.  The  spacecraft  harness  then  routes  XM 
BUS  A and  1M  BUS  B to  the  spacecraft  payload. 

9.1.4  Signal  Conditioning  Assembly  (SCA) 

The  SCA  provides  the  interface  circuit a required  to  match  the  RIU  command  and 
data  circuits  with  the  MPS  circuits  The  SCA  circuits  include:  1)  regulators, 

2)  command  relay  drivers,  and  3)  monitor  circuits. 

9.1  .4.1  Power  Circuits 

The  power  circuits  consist  of  two  redundant  DC  to  DC  converters  as  shown  in 
Figure  9-9.  Each  DC  to  DC  converter  supplies  regulated  voltages  of  -H2VDC, 
-12VDC,  +14“VDCt  -5VDC  and  filtered  +28VDC  as  required  for  use  within  the  SCA. 
These  voltages  are  derived  from  a +28VPC  input  applied  to  each  DC  to  DC 
converter.  The  DC  to  DC  converter  input  +2.8  VBC  is  applied  to  a filter  circuit 
with  the  filter  circuit  output  (28VDC  Filter)  being  fused  and  available  for  use 
within  the  SCA.  i'he  ,28V DC  filtered  output  is  also  converted  to  AC  voltage, 
applied  to  a transformer  and  stepped  down. 

The  stepped  down  AC  voltages  are  applied  to  regulator  circuits  to  obtain  +5VDC, 
+12VDC,  -12VDC  nnd  +t 4V.-DC  converter  outputs  for  use  within  the  SCA.  Both  DC  to 
DC  converters  are  identical  and  operate  in  the  same  modes. 
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9.1. 4*2  Command  Circuits 

The  command  circuits  consist  of  relay  driver  circuits,  required  to  control 
magnetic  latching  relays  located  throughout  the  KPS , and  command  signal  wiring. 
The  SCA  module  contains  six  circuit  boards;  with  six  relay  driver  circuits  per 
board  for  a total  of  36  circuits.  All  relay  driver  circuits  are  identical* 
Relay  driver  circuits  are  triggered  by  two  types  of  signals:  RIU  discrete 
commands  or  internal  SCA  logic  signals.  The  RIU  discrete  command  is  a high  to 
low  transition  of  approximately  six  milliseconds  duration,  which  is  generated  by 
a single  ended  switch  closure  to  signal  ground.  The  SCA  logic  signal  is  a high 
to  low  level  transition  of  internal  SCA  logic  circuit  output*  The  RIU's  also 
output  relay  driver  commands  of  28VDC  capable  of  driving  small  relays  without  a 
relay  driver  circuit.  A high  to  low  transition  of  the  relay  driver  circuit 
input  triggers  the  pulse  stretcher  logic  device.  Figure  9-6  show's  a simplified 
diagram  of  a discrete  pulse  relay  driver  circuit.  The  pulse  stretch  device 
output  is  a signal  ground  pulse  of  longer  duration  than  the  command  input.  This 
signal  ground  provides  a return  for  the  +5VDC  applied  to  the  photocoupler  diode 
causing  the  diode  to  emit  light  and  turn  on  the  photo transistor  in  the 
photocoupler.  When  turned  on,  the  photocoupler  applies  +14VDC  to  the  output 
transistor  causing  it  to  conduct,  thereby  applying  +28V3DC  on  the  relay  driver 
circuit  output.  This  28VDC  is  the  signal  routed  to  the  magnetic  latching  relay 
which  circuit  it  is  intended  to  drive. 
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Figure  9-6.  Discrete  Pulse  Relay  Driller  Simplified  Diagram 
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Command  signal  wiring  routes  commands  received  from  the  RIlTs  directly  through 
the  SCA  and  on  to  the  recipient  control  circuit.  Each  command  and  its  redundant 
command  is  routed  in  parallel  to  it.®  destination  with  each  routed  to  test  points 
on  the  SCA  test  connector.  Two  PRU  commands  "Set  M"  (11)  and  "Reset,  VA,  VBM 
(12)  are  not  routed  directly  to  the  PRU.  These  two  commands  provide  control  of 
the  MPS  Safe  Mode  and  are  applied  to  safe  mode  logic  in  the  SCA. 

9. 1.4.3  Control  Circuits 

There  are  three  types  of  control  circuits  contained  in  the  SCA:  ARM/DISARM, 

BATTERY  CHARGE  INHIBIT,  and  computer  status  monitor. 

9.1. 4. 3.1  ARM/DISARM  Control  Circuit. 

The  arm /disarm  control  circuit  is  used  for  three  types  of  commands;  battery 
ON/OFF  charge,  instrument  fuse/power  disconnect  and  heater  control.  An 
arm /disarm  control  circuit  consists  of  a latching  relay  which  operates  directly 
on  RIU  28VPC  pulse  commands  from  the  RIU.  The  relay  receives  separate  ana  and 
disarm  commands  from  the  RIU's . The  redundant  relay  is  commanded  by  the 
redundant  RIU.  Figure  9-7  shows  a simplified  diagram  of  an  arm /disarm  control 
circuit.  One  set  of  contacts  in  each  relay  provides  arm/disarm  status  of  the 
relay  by  providing  a digital  "0"  signal  when  the  relay  Is  in  the  armed  (SET) 
state . 


9.1  .4.3.2  Battery  Charge  Inhibit  Control  Circuit. 

The  battery  charge  inhibit  control  circuit  consists  of  three  identical  circuits. 
In ter nn 1 logic  will  pre ve nt  a 11  batteries  f r om  b e 1 ng  simul t a neously  0 F F cha rge . 
The  output  of  the  logic  circuits  controls  the  relay  drivers  in  the  SCA. 
Automatic  charging  is  inhibited  when  discrete  BATT  OFF  charge  CMDS  are  sent  or 
when  battery  charge  inhibit  circuits  activate  BATT  OFF  CHG  relay  drivers.  The 
charge  inhibit  circuit  prevents  battery  charging  when  indicated  battery 
temperatures  are  above  35°C.  If  a thermal  switch  malfunctions,  indicated  by 
Therm  Switch  (closed  03°C)  input,  automatic  control  of  charging  is  also 
inhibited.  Logic  circuits  receive  BATTERY  ON/OFF  CHG  STATUS'S  and  uses  this 
information  to  maintain  at  least  one  battery  on  charge  at  all  times. 

If  the  solar  array  power  output  Is  equal  to  or  less  than  the  total  load  demand 
(including  payload,  electronics  and  battery)  the  feedback  loop  of  the  regulator 
will  be  the  peak  power  tracker,  i.e.  full  array  power  output  is  employed.  When 
the  batteries  re*ich  full  charge,  the  battery  volt  age/ temperature  control  of  the 
Power  Regulator  will  take  over  from  the  peak  power  tracker  loop  in  order  to 
reduce  the  battery  charging  rate.  This  feedback  loop  will  force  the  solar  array 
operating  point  to  a higher  voltage,  thus  lowering  the  operating  power  level 
sufficiently  to  meet  the  deert'&sing  charge  rate  requi  reme  nt  s . 
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9. 1.4. 3. 3 Computer  Status  Monitor/Safe  Mode  Logic. 

The  computer  status  monitor  and  safe  mode  logic  ciecuit  of  the  SCA  monitors  the 
status  of  the  computer  r the  purpose  of  transferring  the  MPS  to  a safe  mode  in 
the  event  of  a sensed  computer  anomaly.  The  computer  status  is  evaluated  by 
monitoring  the  COMPUTER  PULSE  TRAIN  MA‘V"BM  signal  for  the  absence  of  a pulse 
within  a 3.3  +0.30  second  period.  COMPUTER  PULSE  TRAIN  "A"/"**  is  normally  a 

series  of  pulses  with  a rate  of  one  pulse  every  1.0  + 0.10  seconds,  unless 

priority  interrupt  occurs  in  which  case  two  pulses  will  be  skipped.  The  SCA 
interprets  the  detected  absent  pulse  as  <i  computer  anomaly.  When  a computer 
anomaly  is  detected,  SCA  logic  commands  the  MPS  into  a safe  mode  of  operation. 
When  control  has  been  transferred  to  a safe  mode,  the  MPS  remains  in  the  Safe 
Mode  until  reset  by  a separate  command  COMPUTER  MONITOR  RESET  CMD  "A"/ttB"  CMD 
(44).  The  MPS  remains  in  the  safe  mode  even  if  the  COMPUTER  PULSE  TRAIN  (CMD 
40)  is  reestablished  after  interruptions.  The  computer  status  monitor  function 
may  be  disabled  and  enabled  by  separate  set  and  reset  commands  received  from 
either  RIU . 
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Arm/Disam  Control  Circuit  Simplified  Diagram 
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9. 1.4 •3*4  SCA  Monitor  Circuits. 

The  SCA  monitor  circuit  receives  data  from  points  throughout  the  MPS.  This  data 
is  conditioned  and  routed  to  RIU  A or  B,  which  sends  the  data  to  the  C&DH  module 
for  use  by  the  OBC  and  TLM  units.  SCA  monitor  circuits  consist  of  bi-level 
status  monitors  and  four  types  of  voltage  monitors.  The  bi -level  status  monitor 
circuit  accepts  eight  single-ended  bi-level  inputs  and  shifts  this  data  into  an 
eight  bit  serial  digital  word  for  transfer  to  the  RIU.  See  Figure  9-8  for  a 
simplified  circuit.  Each  bi-level  monitor  circuit  consists  of  redundant 
circuitry  which  supplies  two  data  words  DATA  Al  OUTPUT  and  DATA  Bl  to  RIU  A or 
RIU  B. 

Voltage  monitor  circuits  consist  of  circuitry  that  converts  input  signals  of 
various  levels  to  proportionate  0 to  5 VDC  signals  compatible  with  RIU  Inputs. 
Four  types  of  circuits  are  required  to  handle  the  different  input  signals.  Two 
types  are  resistive  networks  and  two  types  are  differential  amplifier  circuits. 
The  first  type  of  monitoring  circuit  is  used  for  BATT  #1,  BATT  #2  and  BATT  //3 
Voltages  and  UNREGULATED  BUS  VOLTAGE.  This  circuit  provides  a 0 to  5 VDC  output 
voltage  proportional  to  the  0 to  40  VDC  input-  The  second  type  of  circuit 
monitors  the  SOLAR  ARRAY  BUS  VOLTAGE  and  accepts  a 0 to  125  VDC  input-  The 
output  is  1/25  the  Input  voltage  or  0 to  5 VDC.  The  third  type  of  circuit 
monitors  the  3rd  electrode  voltage  for  the  3rd  electrode  cell  In  each  of  the  MPS 
batteries o For  a simplified  diagram  see  Figure  9-9.  The  differential  amplifier 
circuit  provides  a gain  of  approximately  10.  The  amplifier  output  is  directly 
proportional  to  the  3rd  electrode  voltage  input  and  Is  between  0 and  5 VDC.  The 
fourth  type  of  circuit  monitors  the  battery  balance  voltage.  Battery  balance 
voltage  Is  determined  by  monitoring  the  voltage  difference  between  two  groups  of 
eleven  cells  in  the  same  battery.  The  output  of  the  differential  amplifier  is 
proportional  to  the  voltage  difference  between  the  two  cell  groups.  The 
amplifier  output  voltage  range  is  0 to  5 VDC  with  a differential  input  range  of 
+0.7  volts  dc.  Each  of  the  voltage  monitor  circuits  supply  output  data  to  RIUA 
and  RIU.  to  the  spacecraft  umbilical  connectors. 


Signals  from  thermistors  monitoring  local  temperatures  of  the  PCU;  PRU; 
BATTERIES;  BPA;  SCA;  and  MPS  baseplate  are  routed  to  the  SCA  and  conditioned  by 
the  SCA.  The  thermistor  conditioning  circuit  consists  of  a resistor  network 
which  provides  outputs  to  RIUA,  RIUB  and  a test  point.  Signals  from  the  current 
sensors  located  in  the  PCU  are  routed  to  the  SCA  where  a resistive  network 
provides  buffered  parallel  outputs  for  routing  to  RIU  A and  RIU  B.  Current 
sensor  output  test  points  are  also  routed  to  the  SCA  test  conductor.  Hardline 
outputs  for  some  current  sensors  are  routed  to  the  spacecraft  umbilical 
connectors . 
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Figure  9-8.  Bilevel  Statue  Monitor  Simplified  Ingram 
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9 .2  PERFORMANCE  CAPABILITIES 

The  Modular  Power  Subsytem  (MPS)  will  be  capable  of  satisfying  the  following 
requirements  throughout  the  full  duration  of  the  mission  when  matched  to  a 
suitable  mission  unique  solar  array  and  an  appropriate  battery  complement  for 
the  mission. 


Function 


Voltage 


Ripple 


Capability  * 

The  average  value  of  the  MPS  output  bus  voltage  will  be 
within  the  range  22-35  VDC  (negative  grounded  to 
structure  at  CGP) . 

The  ripple  voltage  impressed  on  the  average  value  of 
the  MPS  bus  voltasge  will  be  less  than  1.5  volts  peak- 
to-peak  over  the  frequency  range  of  1 Hz  to  10  MHz. 


Power  Output 

Orbital  Average  1200  watts  max.  (including  peaks) 

850  watts  max.  available  to  users 
250  watts  min. 


Peak 


Source  Impedance 


2.0  KW  above  the  operating  load  (3.0  KW  absolute 
maximum)  for  10  minutes,  day  or  night,  once  per  orbit. 

The  maximum  source  impedance*  not  including  harness- 
impedance  will  be: 

0.10  ohms  - 1 Hz  to  X KHz 
0.15  ohms  - 1 KHz  to  20  KHz 
0.30  ohms  - 20  KHz  to  100  KHz 


Voltage  Transients 


Load  switching  transients  on  the 
exceed  the  following  values: 


power  bus  will  not 


0 to  10  micro  sec  3.0  volts,  max. 

10  micro  sec  to  1.0  msec  1.0  volts,  max. 

>1.0  ms*  HbO .5  volts,  max. 

(within  the  22  to  35  volt  operation  range) 


Rate  of  Rise*  <0*5  volts/micro  sec 

Rate  of  Fall  <3.0  volts/msec 

Fault  Induced  Transient  During  abnormal  transients,  the  spacecraft  bus  voltage 

will  remain  within  the  range  of  zero  to  40  VDC.  The 
duration  of  abnormal  transients  should  not  exceed  500 
msec. 


LSD-WPC-263 

) 


9-23 


Energy  Storage 


PRU  Input 

Voltage 


ORIGINAL 

OF  POOR 

SVS-10266 
31  Ia«  cember  1981 

Capable  of  providing  nominal  energy  storage  of  150 
ampere  hours  for  LS-D. 


PAGE  53 

QUALITY 


125  voltas  max 
40  volts  min. 


Current 


72  amperes  max. 
4 amperes  min. 


Power  4500  watts  max. 

160  watts  min. 

0.0  watts  min.  (eclipse) 

Reflected  Ripple  Less  than  7.5  amperes 

Peak-to-Peak,  all  operating  modes 


PRU  Output 

Voltage 

Current 

Power 


22-35  volts 
108  amperes  max. 
3600  watts  max. 


Current  Ripple  Less  than  7.5  amperes 

Peak-to-Peak,  all  operating  modes 
1 Hz  to  15  KHz 


9.3  MPS  MODES  OF  OPERATION 


The  MPS  mode  of  operation  Is  dependent  upon  the  source  of  power  available  to  the 
MPS,  the  state  of  chsrge  of  MPS  batteries  and  the  mission  phase  of  the 
spacecraft  (ground,  flight  or  resupply  operations).  MPS  operation  is  controlled 
by  the  ON-BOARD  COMPUTER  (OBC)  located  in  the  spacecraft  C&DH  module-  The  MPS 
receives  commands  from  the  OBC  through  RIU  and  SCA  interface  circuits.  These 
commands  control  relays  which  in  turn  control  which  of  the  following  modes  the 
MPS  operates  in. 

9.3.1  POWER  REGULATION  MODE 

In  the  power  regulation  mode  the  MPS  receives  power  through  one  of  two  inputs, 
MAIN  ARRAY  POWER  or  G ND/SHUTTLE  POWER  MAIN,  depending  on  the  mission  phase. 
Both  power  inputs  are  routed  onto  the  PCU  solar  array  bus  and  to  the  PRU  input, 
see  Figure  9-3,  MPS  Block  Diagram.  During  MP3  power  regulation-  mode , the  PRU 
operates  in  the  peak  power  tracking  mode,  voltage  limited  mode;  or  current 
limited  mode  and  provides  power  to  the  PCU  unregulated  bus  for  distribution. 
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9 .3.2  STANDBY  AND  PEAK  POWER  TRACKING  MODES 

When  no  solar  array  power  Is  available,  the  PRU  operates  in  a standby  mode  ana 
KPS  power  Is  supplied  by  batteries.  When  solar  array  power  is  available,  but 
not  adequate  to  supply  the  load  bus  the  PRU  operates  in  a peak  power  tracking 
mode  and  the  depict  is  satisfied  by  the  battery.  When  the  load  demand  is 
satisfied  any  excess  power  is  used  for  battery  charging.  In  this  mode  the  PRU 
draws  at  least  95%  of  the  power  available  from  the  solar  array*  When 
GND/ SHUTTLE  PWR  MAIN  input  is  a source  of  MBS  power,  the  PR  J also  conditions 
this  power  as  it  does  solar  array  power. 

9.3.3  VOLTAGE  LIMITED  MODE 

During  battery  charging  periods,  the  battery  voltage  limit  is  determined  by  one 
of  eight  preselected  commands  ble  volt  age- temperature  (V/.T)  limits  as  shown  in 
Table  9-3.  When  the  battery  terminal  voltage  reaches  the  limit  corresponding  to 
the  battery  operating  temperature  for  the  chosen  level,  the  battery  charge 
current  Is  reduced  (tapered)  to  maintain  the  battery  voltage  at  this  limit.  A 
temperature  sensor  located  on  each  battery,  along  with  SCA  monitor  circuits, 
provide  temperature  information  to  the  charge  control  logic.  The  highest 
battery  voltage  and  highest  battery  temperature  is  used  by  the  control  logic  to 
determine  the  battery  voltage  limit. 

9.3.4  BATTERY  POWER  MODE 

When  the  PRU  is  operating  in  the  standby  mode,  the  MPS  batteries  provide  power 
to  the  POT  unregulated  bus  for  distribu tion . The  battery  power  mode  is  used 
during  eclipse  periods  of  spacecraft  flight.  During  periods  of  peak  power 
demand,  battery  power  is  also  used  to  supplement  available  solar  array  derived 
power. 

9.3.5  BATTERY  CHARGE  MODES 

MPS  power  Inputs  from  four  sources  may  be  used  In  charging  the  MPS  batteries. 
When  the  charging  voltage  source  Is  the  Main  Array  Power  or  GND/Shuttle  PWR 
Main,  the  PRU  controls  the  charging  of  the  battery.  If  the  PRU  power  output 
applied  to  the  PCU  unregulated  bus  exceeds  the  load  bus  power  demands,  the 
batteries  may  be  charged.  The  PRU  controls  the  battery  charging  in  the  voltage 
limited  mode.  Two  other  sources  of  battery  charge  voltage  are  GND/SKUTTLE  PWR 
DIRECT  and  GROUND  CHARGE.  These  two  sources  are  not  controlled  by  the  PRU. 
GND/ SHUTTLE  PVJR  DIRECT  voltage  is  routed  directly  to  the  unregulated  bus  and  may 
be  used  for  battery  charging  and/or  distribution  by  the  MPS.  The  GROUND  CHARGE 
source  is  used  for  battery  charging  only  ard  is  routed  directly  to  the 
batteries.  Using  the  GROUND  CHARGE  input,  the  MPS  batteries  may  be  charged 
without  powering  up  the  total  MPS. 
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During  this  charge  mode  the  HPS  receives  power  fro®  one  of  three  Inputs* 
G®/ SHUTTLE  PWR  MAIN,  GND/ SHUTTLE  PWR  DIRECT,  or  GROUND  CHARGE.  Both 
G ND/SHUTTLE  PWR  MAIN  and  GND  SHUmE  PWR  DIRECT  voltage  are  available  only  when 
the  MPS  is  on  the  ground  or  in  the  shuttle.  When  the  GND/ShUTTLE  PWR  MAIN  input 
is  used  the  PRU  controls  battery  charging.  The  GND/SHUTTLE  PWR  DIRECT  input  is 
not  controlled  by  the  PRU  but  this  voltage  is  routed  to  the  batteries  the  same 
manner  as  the  PRU  output  voltage.  The  GROUND  CHARGE  input  voltage  is  available 
only  when  the  MPS  is  on  the  ground.  This  voltge  is  applied  directly  to  the 
battery  terminals  and  is  used  only  for  battery  charging.  The  GROUND  CHARGE 
voltage  is  not  controlled  by  circuits  in  the  MPS  and  may  be  used  to  charge  the 
batteries  without  powering  up  the  total  MPS. 


9.3.6  SAFE/HOLD  MODE 

When  the  computer  status  monitor  circuit  indicates  a computer  anomaly,  logic 
circuits,  located  in  the  SCA,  command  the  MPS  into  a Safe/Hold  mode  of 
operation.  The  MPS  Safe/Hold  mode  consists  of  the  battery  charge  control  logic 
being  commanded  to  the  voltage  raode,  both  power  trackers  ON,  the  current  mode 
inhibited,  and  V/T  Level  1 selected  (for  a previously  commanded  V/T  Level  of  4 
or  less)  or  V/T  Level  5 selected  (for  a previourly  commanded  V/T  Level  >5). 

9.4  CONSTRAINTS 


9.4.X  MPS  INITIALIZATION  CONSTRAINTS 

Voltage /Temperature  (V/T)  curve  for  initial  MPS  operation  must  be  Level  9. 

9. >.2  MPS  TELEMETRY  CONSTRAINTS 
TBD 

9.4.3  MPS  COMMAND  CONSTRAINTS 
TBD 

9 .4.4  MT>S  TEMPERATURE  CONSTRAINTS 

Battery  temperature  shall  not  be  allowed  to  exceed  35  degrees  centigrade 

9.4.5  MPS  OPERATION  MODE  CONSTRAINTS 

I . If  any  battery  terminal  voltage  is  1 es s t ha n a g r ou nd  p rograr^ma hi e 
reference  voltage  (recommended  1.10  volts  per  cell  » 24.2  volts)  for 
24  seconds,  the  OBC  commands  off  all  non-essential  loads. 
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9.5  a REGULATORS 

There  are  six  switching  power  modules,  each  with  two  paralleled  elements  within 
the  regulator*  The  system  can  suffer  the  loss  of  up  to  two  of  the  elements  and 
still  achieve  mission  duration. 

9.5.2  BATTERIES 

There  are  three  batteries  in  the  KPS.  One  battery  can  be  lost  and  still  meet 
full  mission  requirements.  With  one  battery  functioning,  the  SC  will  be 
operational  with  limited  mission  capability. 

9.5.3  IM  OUTPUT  BUS 

The  IM  output  power  is  divided  into  two  power  buses  (A  Bus  and  B Bus).  The  A 
power  bus  supplies  power  to  the  A side  of  the  WBS , TM/MSS  and  the  PDU.  The  B 
power  bus  supplies  power  to  the  B side  of  the  WBS , TM/MSS  and  the  PDU,  Figure 
9-10. 
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Figure  9-10.  IM  Output  Bus 
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9.6  COMMAND 

MPS  commands  and  data  are  sent  to/from  the  KPS  using  two  methods,  hardline  and 
multiplex  data  bus  (MDB).  Spacecraft  mission  phase  determines  which  method  is 
used.  Hardline  commands  and  data  are  used  to  control  the  KPS  during  testing, 
pre-launch,  and  supply  and  retrieval  operations.  During  spacecraft  flight, 
commands  and  data  transmitted  via  telemetry  are  received /transmit ted  by  the 
spacecraft  C&DH  module  and  sent  to/from  the  MPS  over  the  multiplex  data  bus 
(MDB).  The  hardline  commands  and  data  take  the  place  of  command  and  data 
transmitted  by  telemetry.  In  the  hardline  method,  each  piece  of  data  and  each 
command  has  an  independent  wire  routed  from  the  MPS  module/spacecraft  interface 
connector  through  the  MM3  harness  to  the  MM3  umbilical  connectors. 

Communications  with  the  C&DH  module  over  the  KDB  provides  the  second  method  of 
sending/receiving  commands  and  data.  RXU  #3  provides  the  MPS  interface  with  the 
MDB  as  described  in  the  following  paragraphs.  In-flight  telemetry  data  is 

primarily  limited  to  those  functions  necessary  to  determine  subsystem 

configuration  and  abnormal  or  emergency  MPS  conditional  and  to  commands  required 
for  MPS  control  and  operation. 

9.6.1  RIU  INTERFACE 

The  RIlKs  provide  a two  direction  Interface  for  command  and  Telemetry  data 

transfer  between  the  MPS  and  C&DH  module.  The  KPS  RIU  interfaces  with  the 

multiplex  data  bus  (MDB),  which  is  routed  through  the  MMS  harness  to  the  C&DH 
module  where  the  central  unit  (CU)  provides  access  to  the  on-board  computer, 
fhe  MDB  consists  of  two  pairs  of  redundant  party  lines,  supervisory  and  reply. 
Information  is  sent  from  the  CU  to  the  MPS  RUTs  over  redundant  supervisory 
lines,  and  Information  is  sent  from  the  MPS  RIU's  to  the  CU  over  redundant  reply 
lines.  Each  MPS  RIU  has  its  own  unique  address.  Upon  recognition  of  its 

address , the  RIU  switches  from  standby  to  operational  mode  and  receives  data. 
The  RIU  converts  this  data  into  discrete  relay  and  logic  circuit  commands.  Each 
RIU  provides  64  discrete  commands.  RIU"s  receive  various  types  of  data  which 
are  acquired  from  throughout  the  MPS  and  conditioned  hy  the  SCA. 

The  RIU"s  process  this  data  and  send  it  in  a nine  bit  reply  word  format  over  the 

redundant  reply  lines  to  the  CU.  Sending  of  data  to  Che  CU  is  controlled  by  the 

CU  with  information  sent  over  the  supervisory  line  to  the  RIU's.  The  CU 
distributes  data  for  transmitting  via  telemetry  anJ  use  by  the  OBC.  For 
detailed  information  on  the  RIU  refer  to  the  Data  Format  Control  Book  Volume  II 
and  III  (Telemetry  and  Command)  respectively. 

9.6.2  DISCRETE  COMMANDS 

Discrete  commands  are  transmitted  from  the  ground  or  lay  the  OBC  via  RIU  #3.  The 
commands  are  listed  in  Table  9-1  along  with  RIU  channel  number,  complementary 
and  prerequisit  commands,  and  the  telemetry  verification  points.  The  telemetry 
verification  is  listed  by  User  ID,  matrix  location  {column , row),  bit  location 
and  bit  state.  Data  Format  Control  Books  II  (telemetry)  and  III  (command) 
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contain  more  specific  information  on  command  and  telemetry  format.  Figures  9-11 
through  9-15  show  the  commands  in  ’ ->gic  diagram  form.  Mote  that  for  the  logic 
diagrams  in  this  section  the  switching  points  are  not  necessarily  relay  controls 
but  may  be  Transistor-Transistor  Logic  circuit  or  other  solid  state  devices. 
The  telemetry  verification  points  give  the  telemetry  User  ID  and  its  bit 
position.  See  section  9.6  for  telemetry. 

9. 6. 2.1  Power  Regulator  V/T  Commands 

The  regulator  serves  to  control  the  charge  current  to  the  batteries.  To  prevent 
overcharge,  the  batteries  are  allowed  to  reach  a maximum  voltage  as  a function 
of  temperature  by  tapering  the  charge  current  when  this  voltage  is  reached. 
Eight  voltage/temperatures  curves  as  shown  in  Table  9-2,  are  selectable  by 
command  to  allow  optimization  of  charge  based  on  battery  cell  characteristics. 
This  control  is  accomplished  by  converting  the  voltage  and  temperature 
parameters  to  a signal  voltage  which  is  used  to  regulate  the  battery  voltage 
limit. 

A "safe-mode”  configuration  is  implemented  through  the  use  of  internally 
generated  signals  having  the  same  effect  as  commands  "RESET  M,  VA,  VB"  and 
"RESET  IA,  IB".  To  illustrate  the  effect  of  these  commands,  refer  to  list  of 
commands  and  the  logic  (Table  9-2). 
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Table  9-2.  Voltage  Control  Level  Current  Control 
and  Fault  Detection  State  Selection  Logic 


RiU  CMO  CH^ 

03 IZ 
03 1 1 

0315 
0314 
0313 
03 1<? 

0316 
0316 
03IT 


a.  Command  List: 

RESET  M,  VA,  VB 
SET  M 
SET  VA 
SET  VB 
SET  VC 
RESET  VC 
RESET  IA,  IB 
SET  IA 
SET  IB 


Note: 

0 - SET 

1 - RESET 


b* 


VB 

VC 

CURVE 

(LEVEL) 

1 

1 

1 

1 

0 

1 

1 

2 

1 

0 

1 

3 

0 

0 

1 

4 ' 

I 

1 

0 

5 

0 

0 

6 

1 



0 

0 

7 

0 

0 

0 

a 

Current  control  level  select  and  fault  detector  state 


STATUS 


M 

I A 

1$ 

* 1 

1 

1 

Normal, 

0 

0 

0 

Current 

0 

0 

1 

Current 

0 

1 

0 

Current 

0 

1 

1 

Current 

**  1 

0 

0 

Current 

4:4:  1 

0 

1 

Current 

1 

1 

0 

Current 

OPERATIONAL  MODE 

current  mode  inhibited 
mode  and  tracker  2 inhibited 
mode  and  A 14  V/T  control  inhibited 
mode  and  A 15  V/T  control  inhibited 
mode  and  A 17  V/T  control  inhibited 
mode  enabled,  current  - . 75  amps 
mode  enabled,  current  =1.5  amps 
mode  enabled,  current  = 3.0  amps 


* Denotes  power  up  stare  and  safe  mode  state 
**V/T  control  is  operational  back-up 
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9.7  TELEMETRY 

RIU  #3  provides  the  telemetry  interface  between  the  MPS  subsystem  and  the  C&DH 
subsystem.  Four  types  of  telemetry*  serial  digital  (S),  bilevel  (B) , passive 
analog  (P),  and  analog  (A)  are  processed  by  RIU  #3  and  sent  to  the  C&DH  STACC  CU 
via  the  MDB.  Table  9-3  provides  a list  of  telemetry  points  a^ong  with  User  ID, 
RIU  channel  address  and  message  matrix  locations.  See  the  Data  Format  Control 
Book  Vol.  II  (Telemetry)  for  specific  details  about  telemetry  format.  For 
information  regarding  calibration  curves  for  the  telemetered  functions,  see 
Appendix  A. 9. 
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0339  - Solar  Array  Power  Disconnect  Relays  Close 
( ) - TLM  Verification  (User  ID  ? Bit  Number) 


Figure  9-11.  Main  Array  Power  Command  Control 
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CHANNEL 


CMD 


0301 

Battery  1 

On  Charge 

0302 

- 

Battery  1 

Off  Charge 

0303 

- 

Battery  2 

On  Charge 

0304 

- 

Battery  2 

Off  Charge 

0305 

- 

Battery  3 

On  Cha™n 

0306 

- 

Battery  3 

Off  Charge 

0328 

- 

Battery  3 

Thermal  SW  Reset 

0329 

- 

Battery  3 

Thermal  SW  Set 

0330 

- 

Battery  2 

Thermal  SW  Reset 

0331 

- 

Battery  2 

Thermal  SW  Set 

0332 

- 

Battery  1 

Thermal  SW  Reset 

0333 

- 

Battery  1 

Thermal  SW  Set 

0341 

* 

Battery  1 

tx  3 PD  Relay  Close 

0342 

- 

Battery  2 

PD  Relay  Clcse 

( ) 

- 

TLM  Verification  (User  ID,  B 

* HARDLINE  CMD 


Figure  9-12.  Battery  Charge  Circuit  Commands 
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(MPS-05f3) 


0309  - Heater  Arm 

£3310  - Heater  Disarm 

0326  - Auto  Heaters  On/Off  Reset 

0327  - Auto  Heaters  On/Off  Set 

032"  - Heater  Thermostat  2 Bjpass  Reset 

0323  - Heater  Thermostat  2 Bypass  Set 

0324  - Heater  .hermostat  1 Bypass  Reset 

0325  - Heater  Thermostat  1 Bypass  Set 

( ) - TIM  Verification  (User  lD<?Bit  #) 


TA-2 

TA-1 


Figure  9-13*  Hester  Power  Cirzult  Commands 
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(MP.S--.04fI) 

0337 


i 


(MFS-04^1 ) 


n 


OSC77  ^ — ^ 

(MP$-C6,30 


IM  BUS  A 


IM  BUS  8 


0307  - Instrument  Fuse/Power  Disconnect  RIU  B Armed 

0308  - Instrument  Fuse/Power  Disconnect  RIU  B Disarmed 

0336  - Instrument  Module  Bus  B Enable 

0337  - Instrument  Module  Bus  B Disable 

( } - TLM  Verification  (User  ID  ? Bit  Number) 


Figure  9-14 . Payload  Power  Commands 
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Table  9-3.  Landsat-D  Modular  Power  Subsystem  Telemetry  List  Summary 
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SECTION  10.0  31  December  1981 

SOLAR  ARRAY  DRIVE  AND  POWER  TRANSMISSION  ASSEMBLY  (SADAPTA) 

10 .1  FUNCTIONAL  DESCRIPTION 

The  SADAPTA  provides  the  following  functions: 

1 . Retain  the  rotatable  solar  array  to  the  Instrumentation  Module.  A 
solar  array  shaft  supports  the  slip  rings,  and  provides  the  interface 
with  solar  array  jettison  assembly.  A housing  assembly  supports  the 
drive  modules,  the  slip  ring  assembly,  the  solar  array  shaft,  and 
provides  the  interface  with  the  Instrument  Module  structure. 

2.  Rotate  the  solar  array.  Two  redundant  drive  modules  interface  with  the 
PDU.  They  rotate  the  solar  array  at  0,  1,  2 or  3 times  orbital  rate 
(3.70°/mlnute) . 

3.  Transfer  electrical  power  and  signals.  A slip  ring  assembly  transmits 
electrical  power  and  signals  across  the  rotary  joint,  and  provides 
shaft  position  signals.  The  slip  ring  assembly  interfaces  with  the 
subsystems  defined  in  Paragraph  10.1.2. 

4.  Indicate  angular  position  of  the  solar  array  (position  potentiometers 
and  switches  interface  with  the  PDU  and  define  angular  position). 

Each  drive  module  consists  of  t stepper  motor,  a speed  reducer,  a spring  clutch, 
and  a spur  gear  pinion  in  mesh  with  a common  gear  of  the  two  drive  modules  (see 
Figure  10. 1-1).  Figure  10.1-2  shows  the  Solar  Array  Drive  Logic  Block  Diagram. 

The  slip  ring  assembly  consists  of  a slip  ring  rotor  mounted  on  the  solar  array 
shaft,  two  redundant  position  indicators  mounted  on  the  shaft,  and  brush  and 
wiper  blocks  mounted  on  the  housing. 
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Figure  10.1-1 • SADAPTA  Functional  Block  Diagram 
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10.1.1  MECHANICAL  INTERFACES 

The  SADAPTA  interfaces  mechanically  with  the  Instrument  Module  (IM)  structure 
and  the  solar  array  jettison  assembly. 

10.1.2  ELECTRICAL  INTERFACES 

The  SADAPTA  Interfaces  electrically  with  the  following  Flight  Segment 
subsystems,  assemblies  and  components: 

1.  Power  Distribution  Unit  (PDU) 

2.  Solar  Array  Retention,  Deployment,  Jettison  .Assembly  (SARDJA) 

3.  Solar  Array  Assembly 

4.  Coarse  Sun  Sensor  (CSS)  Assembly 

5.  Signal  Conditioning  & Control  Unit  (SC&CU) 

6.  Modular  Power  Subsystem  (MPS) 

7.  Modular  Attitude  Control  Subsystem  (MACS) 

8.  Remote  Interface  Unit  (RIU7) 

10.2  PERFORMANCE  CAPABILITIES 

10.2.1  ROTATION  AND  STEP  ANGLE 

1.  The  SADAPTA  direction  of  rotation  Is  CLOCKWISE  when  viewed  from  the 
Solar  Array. 

2.  The  SADAPTA  shaft  step  angle  is  0.0030857°  4 5 percent  non-cumulative 
per  Input  pulse,  and  116,  666  4-4 00/ -100  pulses  for  a full  360° 
rotation  after  the  first  12000  pulses  have  fully  engaged  the  wrap 
spring  clutch. 

10.2.2  STEP  RATE,  PULSE  WIDTH  AND  SEQUENCING 

The  step  rate  of  the  SADAPTA  Is  approximately  20,  40,  or  60  pulses  per  second 
(pps)  with  pulse  width  of  0.015  second  and  detent  current  of  23.5  ma  minimum 
when  full  current  is  removed.  Change  of  step  rate  is  in  increments  of 
approximately  20  pps  with  a minimum  of  60  steps  at  each  step  rate.  The  DC  supply 
to  the  drive  electronics  is  28  45,  -6.5  VDC. 

10.2.3  SLIP  RING  ELECTRICAL  CIRCUITS 
The  SADAPTA  has  40  slip  ring  circuits. 

10.2.4  ARRAY  POSITION  INDICATOR 

The  SADAPTA  provides  two  redundant  position  Indicators  erch  consisting  of  a 
conductive  plastic  type  potentiometer  and  a segmented  switch.  The  output  of  the 
potentiometer  and  segmented  switch  is  as  shown  in  Figure  10.2-1. 
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Figure  10.2-1.  Potentiometer  & Segmented  Switch  Outputs 
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10. 2.4.1  Potentiometer 

.’he  indicator  position  potentiometer  has  the  following  characteristics: 

1 . Mechanical  Range  360°  continuous 

2.  Electrical  Range  — 360°  continuous 

3.  Excitation  - 0V  & *5V  4*  0.005V 

4.  Linearity  - +0.4%  from  10°  to  170°  and  from  190°  to  350° 

(360°  Base)  +0.7%  from  170°  to  190°  and  from  350°  to  10° 

including  alignment  tolerance  between 
potent iome cers . 

10.2.4.2  Segmented  Switch 

The  segmented  switch  has  the  following  characteristics : 

1.  Switch  Open  - From  0°  to  180° 

2.  Switch  Closed  - From  180°  to  360° 

3.  Switching  Accuracy  - +1.5° 

4.  Input  Voltage  - +5V 

10.3  MODES  OF  OPERATIONS  , 

The  SADAPTA  modes  are  selected  according  to  the  following  mission  phases; 

Launch  Phase  - Zero  rotation  rate 

In-Orbit  Phase  - Zero,  Wo*,  2XWo,  and  3xWo  rates  can  be  commanded  in  an 
open  loop  mode,  or  controlled  by  the  PDU  in  a closed 
loop  mode  using  the  coarse  sun  sensors  (pointing 
accuracy  « +7°). 

Orbit  Adjust  - Zero  rate  during  the  orbit  adjust,  and  3xWo  rate 

during  array  slews  after  the  orbit  adjust 
will  be  commanded. 


*0rbit  Rate  approx.  3.6°/min 
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Safehold  - a)  Inertial  - drive  at  2 Wo  until  the  index  position  is 

obtained,  then  remain  at  zero.  (Not  planned  for  use  on 
Landsat-D  but  is  available  if  command  selected. 

b)  Earth  Sensor  - zero,  Wo  and  2xWo , using  the  coarse 
sun  sensors. 


10.4  CONSTRAINTS 

1.  Solar  array  release  is  to  be  initiated  by  the  OBC.  After  separation, 

telemetry  is  sampled  two  consecutive  times  and  the  SA  is  released  by 

the  OBC  via  the  SC&CU.  Confirmation  of  the  Solar  Array  deployment  must 

be  received  in  20  minutes  or  the  OBC  will  reinitiate  the  deployment 
sequence  over  the  MBM  link. 

2.  During  Orbit  Adjust  rocket  firing,  the  SA  must  be  aligned  in  the  plane 
of  the  thrust  vector,  278°  +5°  (approximately  noon  position). 

3.  The  SAD  operation  is  to  be  constrained  as  follows: 

a.  The  SAD  is  to  be  driven  open  loop  at  a constant  rate  when  the  TM 

is  imaging  during  the  day.  The  TM  jitter  caused  by  a change  of 

the  SAD  rate  will  require  approximately  two  minutes  for  the 
jitter  to  be  reduced  to  an  acceptable  level.  Hence,  if  there  is 
a rate  change  of  the  SAD  during  the  day,  the  imaging  with  the  TM 
must  be  discontinued  for  two  minutes  beyond  the  SAD  rate  change 
period. 

b.  There  cannot  be  any  change  in  the  SAD  rate  within  two  minutes 
from  the  start  of  the  imaging  by  the  TM  during  the  day. 

c.  The  SAD  rates  can  change  by  only  one  times  the  orbital  angular 
rate  within  a two  minute  period  TM  imaging  at  night  (a.g.,  IX  to 
2X  or  2X  to  3X  but  not  IX  to  3X) . 

d.  The  SA  positioning  loop  must  be  closed  during  slews  once  per  day 
to  eliminate  open  loop  drifts  of  the  solar  array  to  the  sun. 

10.5  REDUNDANCY 

See  Figure  1 0.5-1  for  description  of  the  redundancy  of  SADAPTA  interfaces. 
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10,6  COMMANDS 

A description  of  S ADAPT A commands  will  be  provided  in  the  PDU  Command  Directory , 
Paragraph  11.6. 


10.7  TELEMETRY 

A description  of  SADAPTA  telemetry  will  be  provided  in  the  PDU  Telemetry 
Directory,  Paragraph  11.7. 
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POWER  DISTRIBUTION  UNIT 

The  Power  Distribution  Unit  (PDU)  is  a component  of  the  electrical  system  of  the 
Land 'at  D Instrument  Module  (IM)  and,  as  such,  contains  the  electronics 
necessary  to  provide  for  the  functions  of  solar  array  and  boom  deployment,  and 
solar  array  drive.  The  PDU  electronics  is  involved  in  the  satellite  operation 
in  all  spacecraft  operational  modes:  initial  acquisition,  orbital  and  Safe 

Hold. 

11.1  PDU  FUNCTIONAL  DESCRIPTION 
The  function  of  the  PDU  is  to: 

1.  Distribute  and  switch  power  among  electrical  systems  of  the  IM  with 
the  exception  of  the  Wideband  Communications  Subsystem  (WBCS). 

2.  Protect  electrical  busses  in  the  IM  with  the  exception  of  the  WBCS. 

3.  Provide  autonomous  control  and  drive  electronics  for  solar  array  and 
TDRS  mast  deployment/retraction  and  solar  array  drive  motors. 

4.  Provide  IM  Safe  Hold  Mode  Control. 

5.  Switching  of  heater  loads  under  the  control  of  remote  electronic 
thermostats. 

6.  Provide  regulated  voltage  power  to  the  internal  PDU  electronics  as 
well  as  to  specified  external  electronics. 

The  PDU  also  provides  block  redundancy  of  the  power  supplies,  motor  control  and 
drive  circuits,  PCD  Formatter  and  SAFE-HOLD  Electronics.  See  Section  20  for 
Payload  Correction  Data  (PCD)  subsystem  .description. 
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Figure  11.1-1  shows  the  IM  output  bus.  It  supplies  28  Vdc  to  the  P/L  bus  Al , 
Bl,  to  the  IM  bus  A2,  B2,  and  to  the  WBCS.  Figure  11.1-2,  PDU  Block  Diagram, 
shows  the  PDU  component  functions  and  their  interfaces. 

11.1.1  PRIMARY  POWER  SWITCHING 

Unregulated  bus  power  is  distributed  by  the  PDU  to  the  loads  identified  in  Table 

11.1-1. 

Power  for  each  of  these  loads  is  provided  with  fusing  for  bus  protection.  These 
lines  also  Include  switching  where  indicated,  primarily  as  Enable/Disable 
control,  with  the  exception  of  RIU  6,  7 and  8,  which  remain  powered  continuously 
through  the  PDU.  Except  for  RIU's,  where  A and  B loads  are  listed,  only  one  of 
the  two  outputs  will  draw  power  at  any  one  time. 

Switching  control  is  exercised  by  use  of  ground  commands  with  further  control  of 
selected  loads  by  the  Safe-Hold  electronics  and  by  use  of  the  "Payloads  Off” 
signal  (hardline)  or  command. 

The  loads  checked  In  the  Payloads  OFF  column  of  Table  11.1-1  are  simultaneously 
disabled  by  the  receipt  of  a "Payloads  Off"  command.  The  Safe-Hold  electronics 
also  has  the  capability  to  simultaneously  disable  these  loads. 

Telemetry  signals  indicating  status  for  switching  functions  are  listed  in  the 
Telemetry  Directory. 
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Table  11.1-1*  Primary  Power  Loads 
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LOAD  DESCRIPTION 


TH  POWER  SUPPLY  A 
TM  POWER  SUPPLY  B 
TH  SMA  HTR 
TH  FUSE  LINKS 
MSS  POWER  SUPPLY  A 
MSS  POWER  SUPPLY  B 
MSS  FT  TLM 
6 A 


A 

B 


RIU 
RIU  6 
RIU  7 
RIU  7 
RIU  8 
RIU  8 
3 -BAND  A 
S-BAND  B 
USS  HTR  2 
USS  HTR  2 
GPS 

MSS  I/F  HTR  2 
BOOM  HINGE  HTRS 
TM  HTR 
PDU  PS  A 

PDU  PS  B 
SPARE  I 

SPARE  2 

SPARE  3 


SOURCE  BUS 


SWITCHING 


A1 

EN/DIS 

B1 

EN/DIS 

ABl 

EN/DIS 

ABl 

EN/DIS 

A1 

EN/DIS 

B1 

EN/DIS 

ABl 

NONE 

A2 

NONE 

B2 

NONE 

A2 

NONE 

B2 

NONE 

A2 

NONE 

B2 

NONE 

A2 

EN/DIS 

B2 

EN/DIS 

A2 

EN/DIS 

B2 

EN/DIS 

AB2 

EN/DIS 

AB2 

EN/DIS 

AB2 

EN/DIS 

AB2 

A2 

B2 

EN/DIS 
A/B  SELECT 

A2 

or  B2 

EN/DI.S  & 
BUS  SELECT 

A2 

or  B2 

EN/DIS  & 
BUS  SELECT 

A2 

or  B2 

EN/DIS  & 
BUS  SELECT 

PAYLOADS  OF B 


X 

X 


X 

X 


X 

X 
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11*1 .2  BUS  CONFIGURATION 

"Primary”  or  ”A"  sections  of  block  redundant  subsystems  (TM*  MSS,  RIU*  S-Band 
Xrnt rs j.  Deploy  Motors)  are  powered  from  a *28  VDC  Bus  A*  "B"  sections  of  block 
redundant  subsystems  are  powered  from  a 4-28  VDC  Bus  .3*  The  Payload  (P/L)  Bus  is 
designated  as  Bus  1 and  the  IM  Bus  as  Bus  2 . 

Power  return  for  Bus  1 input  and  loads  are  separate  from  Bus  2 input  and  loads* 
Non-redundant  outputs  (GPS,  IM  heaters)  are  powered  through  diode  "OR"  gates 
from  both  buses  (see  Figure  11.1-3). 

Bus  nomenclature  is  shown  in  Figure  11*1-3.  An  output  bus  created  by  "ORing”  an 
A or  B bus  is  indicated  in  Table  11.1-1  by  the  double  prefix  AB.  The  "Spare" 
loads  are  connectable  to  A2  or  ,B2  by  a command  controlled  relay. 


+28V, 

+28V, 

BUS 

BUS 

A1  — ’ — c 

i 

ABl  ( 

! 

TM  A Components 
MSS  A Components 

Non-redundant 

TM  & MSS  Components 

+28V, 

BUS 

B1  ~ 1 

1— > 

TM  B Components 
MSS  B Components 

+28V, 

•QTt  C 

AO  

. v 

IM  Subsystems,  A Components 

DUD 

AZ  — ( 

i 

.LOOT? 

t>T7  C 

j 

*157  J 

r v 

Non-redundant 
IM  subsystems 

TZOV  , 

Bub 

+28V, 

BUS 

B2  —4 > 

IM  Subsystems,  B Components 

Figure  11,1-3.  4-28  V BUS  Nomenclature 


11.1*3  SOLAR  ARRAY  DRIVE  (SAD)  MOTOR  CONTROLS 

Redundant  SAD  motor  circuits  are  provided  to  pulse  redundant  stepper  motors  used 
for  solar  array  rotation.  A 4- coil  motor  is  powered  in  single  phase  sequential 
excitation.  The  motor  control  circuit  Is  capable  of  initiating  the  sequence  by 
command  and  is  incapable  of  reversing  the  sequence.  The  SAD  motor  control 
circuit  is  capable  of  pulsing  the  motor  at  3 integer  multiple  rates  (d -fined  as 
W , 2W  and  3'W  ) and  is  also  designed  to  not  pulae  (zero  rate).  These  rates  are 
selectable  by°  command.  The  3W  rate  is  17378  4-2,  -1  cycles  of  the  1.024  MHz 
(RIU)  clock  per  output  pulse.  u 

The  motor  control  logic  is  designed  to  provide  zero  rate  in  the  absence  of  a 
"SA~Dep!oyed"  signal*  If  this  signal  is  not  present,  the  control  logic  will 
execute  rate  commands  if  an  override  has  been  indicated  by  the  receipt  of  a 
specific  command  provided  for  this  purpose.  At  initial  power  turn  on,  the  logic 
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Is  preset  as  if  the  override  command  had  been  received*  The  Inhibit  logic  is 
designed  to  be  enabled  (i.e.,  hold  zero  rate  in  the  absence  of  "SA-Depioyed” 
signal)  by  a single  ground  command.  Telemetry  points  to  indicate  rata  and 
inhibits  override  status  are  listed  in  the  Telemetry  Directory. 

In  the  Safe  Hold  mode,  the  SAD  motor  control  circuits  will  respond  only  to  the 
control  of  the  SAFE-HOLD  circuits  until  receipt  of  a special  command  which 
returns  the  SAD  to  normal  command  control  and  sets  zero  rate. 

11.1.4  DEPLOYMENTS 

Redundant  deployment  motor  circuits  are  provided  to  pulse  redundant  stepper 
motors  used  for  solar  array,  boom  lower  (root)  hinge  and  boom  upper  hinge 
deployment  and  retraction.  The  4-coil  motor  is  powered  in  single  phase 
excitation.  The  motor  phases  are  pulsed  at  a rate  of  8687  + 1 pulses  of  the 
1.024  MHz  clock  per  output  pulse.  The  motor  control  circuit  is  capable  of 
initiating  the  same  sequence,  for  each  motor,  by  command.  The  motor  control 
circuit  is  capable  of  initiating  a "reverse”  sequence,  by  command  or  by 
hardline.  Table  11.1-2  lists  the  sequence  control  source  for  the  deployment 
motors. 


Table  11.1-2.  Normal  Sequence  Control  Source 


DEPLOYMENT 

CONTROL  SOURCE 

TERMINATION  SIGNAL 

FUNCTION 

FORWARD 

REVERSE 

SOLAR  ARRAY 

COMMAND 

TEST  SIGNAL  fz  COMMAND 

SOLAR  ARRAY  DEPL0YEEK-2048 
STEPS 

BOOM  LOWER  HINGE 

COMMAND 

TEST  SIGNAL  & COMMAND 

L HINGE  DEPLOYEW-2048 
STEPS 

BOOM  UPPER  HINGE 

C0MJ5AND 

COMMAND  (two  required) 

0 HINGE  DEPL0YED+2048 
STEFS 

11.1.5  HEATER  CONTROL 


The  PDU  provides  electronic  heater  control  circuits  for  the  six  (6)  sets  of  IK 
heaters  listed  below.  One  set  of  heater  control  circuits  is  illustrated  in 
Figure  11.1-4. 
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HEATER  NAME 


UPPER  SUPPORT  STRUCTURE  MTH  #1 
S-UAND  THAN  SHI  TTKR  RADIATOR  HEATER 
MISSION  ADAPTER/ TH  HEATER 
MSS  INTERFACE  HEATER 
WIDE HAND  MODULE  1/F  HEATER 
UPPER  SUPPORT  STRUCTURE  HTR  #2 


Power,  power  return,  bus  protection  and  Enahlo/Dis&hle  control  for  theeo  boater© 
ia  provided  by  the  SC&CU*  Thermistors,  appropriately  placed  on  the  IM 
structure,  provide  the  temperature  sensing  for  the  electronic  thermostats. 
Figure  1 1.1-4  illustrates  the  Interfaces  with  the  PDU  circuits.  A power  return 
reference  common  to  all  6 heaters  is  as  shown  in  Figure  11. 1-4.  Two  (A&B),  one 
(A  or  H ) , or  none  of  the  heaters  can  be  enabled. 

11.1.6  REGULATED  VOLTAGE  POWER 


11.1.6.1  Internal 


Power  supplies  provide  regulated  voltage  as  required  by  the  PDU  internal 
circuits.  These  circuits  include,  but  are  not  limited  to,  the  SAD  and  deploy 
motor  control  electronics,  safe-hold  logic,  electronic  thermos  tat  © , and 
Ko  naa  iter. 

11.1.6.2  Ext ernal 

The  PDU  supplies  the  external  loads  listed  in  Table  11,1-3.  The  DC  voltage 
c o 1 u ran  is  the  minimum  a tui  raa xi mum  o u t p u i vo 1 1 ag e o v e r & 1 1 c end ill o us  of  life, 
input  line,  temperature*  and  do  load  conditions.  The  peak  failure  transient 
column  provides  the  maximum  allowable  overvoltage  resulting  from  PDU  internal 
failure  or  load  fault  clearing  o it  a no  t he  r o u t p u t . 

11.2  PERPiUlMANCE  CAPAK1L.IT IKS 
11.2.1  VOLTAGE  DROP 


Ou  t put  Kune  t ion 

TH  Instrument 
MSS  Instrument 
S-Band  Xmt r 
R1U 

Other  non  diode  OK'd  Output© 
D l o d e 0 R ' d Out p u t a : 

Heaters 
0 1 he  r 


Vln-Vout  (in  Millivolts) 

170 
130 
1 30 
1 30 
3 50 

i 500 
1000 
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Total  voltage  drop  between  PDU  input  connectors  (for  MPS  unregulated  power)  and 
the  output  connectors  which  includes  both  the  plus  and  return  wiring  is  shown 
above.  Voltage  drop  limit  applies  when  all  outputs  are  fully  loaded  to  worst 
case  low  line  levels.  All  outputs  means  only  or: 1 block  of  redundant  loads  (A  or 
B block). 

11,2.2  UNREGULATED  POWER  BUS  Characteristics  of  tae  unrcr^ilatad  power  bus  are 

s own  in  Table  11*2-1, 

Table  11.2-1.  Unregulated  Power  Bus 


© Voltage : Average  voltage  21.3  to  35  VDC 

© Maximum  Dynamic  Impedance 

0.10  ohms  - 1 Hz  to  1 kHz 
0.15  ohms  - 1 kHz  to  20  kHz 
0.30  ohms  - 20  kHz  to  100  kHz 

& Voltage  Transients.  The  bus  voltage  will  remain  within  the  range 
22-35  VDC  except  for  normal  Transients  or  Failure  Modes. 

Normal  Transient: 

+3.0  Volt  0 to  10  usee 

+ 1.0  Volt  10  usee  to  1.0  msec 

Step  Changes: 

5 volts  maximum  voltage  change 
Rate  of  Rise  <0.5  Volts/usec 

Rate  of  Fall  £5.0  Volts/msec 

Abnormal  Voltage  Transients  (Failure  Mode): 

Down  to  0 Volt  or  up  to  40  Volts  per  500  msec. 

© Voltage  Ripple.  Less  than  750  tnv,  peak-to-peak , i Hz  to  10  MHz. 
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11.2.3  SECONDARY  REGULATED  POWER  OUTPUTS  A description  of  the  secondary  reyilctc 
power  o'.'.t  iuts  is  -ivcn  in  Tabic  11.2-2. 

Table  11.2-2.  Secondary  Regulated  Power  Outputs 


Peak 

Narrow- 

Output 

Return 

DC 

Failure 

band 

Command 

Description 

Source 

Ref . 

Voltage 

Transient 

% p-p 

Switching 

DPU  A 

PS  A 

None 

Continuous 

DPU  B 

PS  B 

4.65  to  5.5 

7.0  Volts 

i% 

None 

Continuous 

DPU  A 

PS  A 

PDU/ 

(+5) 

Switched 

DPU 

ON/OFF 

DPU  B 

PS  B 

SIG 

(+5) 

Switched 

PS  A 

RTN 

ADS  +15,  +5 

OR 

15  +3% 

22V 

i% 

ON/OFF 

PS  B 

4.65 

7V 

n 

Switch 

Selected 

to  5.5 

TM  18-1 

PS  A or 

TM-18 

18  +2, -1.9V 

(+  or  -) 

.5% 

ON/OFF, 

PS  B 

25  volts 

and  A/B 

™ *°-2  ss 

Switch 

Selected 

TM-20 

20  +2, -1.9V 

select 
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11.2.4  SAD  OUTPUT  CHARACTERISTICS 

The  power  for  the  motor  drive  will  be  the  2A  and  2B  busses*  The  drive  to  each 
motor  phase  will  consist  of  15  Hh  1.5  milliseconds  of  > 111.23*5  volts  followed 
by  current  drive  of  23.5  to  50  milllaraps  for  the  time  remaining  until  the  next 
phase  pulse. 

11.3  MODES  OF  OPERATION 

The  Power  Distribution  Unit  (PDU)  provides  witching  to  all  electrical  systems 
(other  than  the  WBCS)  of  the  IM  from  the  Modular  Power  Subsystem  (MPS)  through 
the  MPS  Module/Spacecraft  interface  connectors  and  MMS  harness.  Switching 
control  is  exercised  by  ground  commands  with  further  control  of  selected  loads 
by  the  SAFE-HOLD  electronics  and  by  use  of  a "Payloads  OFF”  signal.  The  PDU 
receives  discrete  commands  from  the  OBC  through  RIU  interface  circuits.  These 
OBC  commands  position  relays  f o , the  desired  operating  mode.  The  PDU  operating 
modes  are  discussed  below: 

11.3.1  PRIMARY  POWER  SWITCHING 

Primary  power  lines  identified  in  Table  ll.l-l  can  be  switched  primarily  as 
Enable/Disable  control  with  the  exception  of  RIU's  6,  7 and  8 which  are  powered 
continuously  through  the  PDU.  Except  for  the  RIU's,  where  A and  B loads  are 
listed,  only  one  of  the  two  outputs  will  draw  power  at  any  particular  time.  The 
power  loads  checked  In  the  Payloads  OFF  column  of  Table  11-1  can  be 
simultaneously  disabled  by  receipt  of  either  a "Payloads  OFF"  command  or  by  the 
Safe-Hold  electronics. 

11.3.2  SOLAR  ARRAY  DRIVE  (SAD)  MODES 

11.3.2.1  Orbit  Phase 

In  this  phase,  the  SAD  can  be  commanded  In  an  open  loop  or  closed  loop  operating 
mode.  The  SAD  Is  normally  driven  at  the  1W  rate,  or  may  be  commanded  to  Stop, 
2W  f or  3Wo  as  described  in  Paragraph  11.1.3.  Closed  loop  operation  uses  the 
course  sun°sensor  to  point  the  array  at  the  sun,  accuracy  +7  degrees. 

11.3.2.2  Safe  Hold  Modes 

This  mode  may  be  executed  by  signal  from  the  MACS  or  by  ground  command.  There 
are  two  different  Safe  Hold  modes: 

1.  Inertial  Mode 

2.  Earth  Sensor  Mode  (closed  loop  mode) 

These  modes  are  selected  by  cooimand.  Upon  Initiation  of  Safe  Hold  inertial  mode 

the  Safe  Hold  logic  will  initiate  a SAD  rate  of  2W  . If  the  initial  SAD  rate  is 

zero,  a PDU  circuit  will  initiate  a SAD  rate  of  W °for  a duration  of  3 to  30 

o 
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seconds  prior  to  stepping  up  to  the  2W  rate*  Upon  receipt  of  a SA-at-index 
position  indication  (from  SADAPTA  position°indicators) , the  SAD  rate  will  be  set 
to  zero  and  two  signals  will  be  sent  to  the  MACS  indicating  SA  is  at  the  index 
position*  and  a telemetry  indication  provided. 


Upon  initiation  of  the  Earth  Sensor  Sa.fehold  Mode,  the  Coarse  Sun  Sensor  (CSS) 
is  utilized  to  position  the  SA.  The  signals  from  the  redundant  CSS  via  the  MACS 
will  control  the  SAD  Drive  Rate,  selecting  zero,  , or  2W  rate  to  point  the  SA 
properly.  ° ° 

Normal  orbit  mode  is  established  by  command,  if  MACS  Safe  Hold  signals  are  not 
present. 


11 .4  CONSTRAINTS 

11.4.1  PDU  INITIALIZATION  CONSTRAINTS 


TBD 


11.4.2  PDU  TELEMETRY  CONSTRAINTS 
TBD 

11.4.3  PDU  COMMAND  CONSTRAINTS 
TBD 

11.4.4  PDU  TEMPERATURE  CONSTRAINTS 
TBD 


11.4.5  PDU  OPERATING  MODE  CONSTRAINTS 
TBD 

11.4.6  PDU  SAFE  HOLD  CONSTRAINTS 

Once  the  Safe  Hold  signal  from  the  MACS  has  been  detected,  the  PDU  must  be 
commanded  back  to  the  normal  orbital  mode  for  recovery.  Even  the  loss  of  the 
Safe-Hold  signal  from  the  MACS  does  not  revert  the  PDU  to  the  orbit  normal  mode 
until  receipt  of  the  “SOLAR  ARRAY  DRIVE  ORBIT  MODE**  command. 

11.5  REDUNDANCY 

The  PDU  features  block  redundancy  of  the  power  supplies,  motor  control  and  drive 
* circuits,  Formatter  and  the  SAFE -HOLD  electronics . 


LSD-WPC-263 


11-13 


ORIGINAL  PAGE  IS 
OF  POOR  QUALITY 

SVS-10266 
31  December  1981 

11.5.1  FAILURE  PROVISIONS 

Power  distribution , bus  protection  and  switching  is  devised  such  that  a single 
failure  will  prevent  the  execution  of  no  more  than  one  ON  or  ENABLE  function  of 
the  loads  in  Table  11.1-1.  No  single  part  failure  will  preclude  removal  of 
power  to  the  Boom  Hinge  heaters. 

11.5.2  SECONDARY  POWER  GENERATION  AND  SWITCHING 

Redundant  power  supplies  are  provided  for  the  generation  of  regulated  voltages, 
isolated  from  chassis  and  power  return.  Ground  commands  are  provided  to  select 
which  of  the  redundant  units  is  on. 

11.5.3  SAD 

Redundant  SAD  circuits  are  provided  to  pulse  redundant  stepper  motors  used  for 
solar  array  rotation. 

11.5.4  DEPLOYMENTS 

Redundant  deployment  motor  circuits  are  provided  to  pulse  redundant  stepper 
motors  used  for  solar  array,  boom  lower  (root)  hinge  deployment  and  boom  upper 
hinge  deployment  and  retraction. 

11.5.5  SAFE-HOLD 

A redundant  set  of  safe  hold  circuits  is  provided  to  perform  the  following 
functions : 

1.  Accept  a "Safe-Hold"  signal  (from  the  block  redundant  MACS)  and: 

a.  Disable  payloads. 

b.  Drive  the  solar  array  to  index  If  in  inertial  mode. 

c.  Indicate  to  MACS  that  the  solar  array  is  at  index  if  in  inertial 
mode . 

d.  Drive  Solar  Array  at  desired  rate  (as  determined  by  CSS  input)  if 
in  earth  sensor  mode. 

2.  Accent  ground  commands  to  perform  the  above. 

3.  Redundant  cafe-hold  logic  electronics  will  be  continuously  energized 
by  cross -strapping  the  o\  puts  of  the  redundant  power  supplies  to  the 
logic  power  inputs. 
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11.5.6  MOTOR  CIRCUITS 

Motor  circuits  are  completely  redundant.  The  only  cross-s trap ping  Is  the  safe- 
hold  logic  to  SAD  motor  circuits.  This  total  redundancy  is  Illustrated 
functionally  in  Figure  11.5-1, 

11.6  COMMANDS 

The  PDU  will  provide  the  circuitry  necessary  to  perform  the  functions  Identified 
in  the  Command  Directory. 

11.7  TELEMETRY 

The  PDU  will  output  to  the  RIU  the  telemetry  functions  detailed  in  the  Telemetry 
Directory.  For  information  regarding  calibration  curve  coefficients  for  the 
telemetered  functions,  see  Appendix  A.ll. 
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DIGITAL  PROCESSING  UNIT 

12.1  DPU  FUNCTIONAL  DESCRIPTION 

The  Digital  Processor  Unit  (DPU)  maintains  the  time  code  and  formats  and 
distributes  the  time  code  to  the  Thematic  Mapper  (XM) , the  Multlspectral  Scanner 
(MSS),  the  Payload  Correction  Data  (PCD)  Formatter,  and  the  redundant  Remote 
Interface  Units  (RIU's ) . In  addition,  the  DPU  converts  the  data  stream  from  the 
PCD  Formatter  (located  in  the  Power  Distribution  Unit,  PDU)  into  an  eight  bit 
word  and  sends  it  to  the  TM.  The  DPU  is  block  redundant  (A  and  B side)  and 
obtains  its  power  from  the  Power  Distribution  Unit  (PDU). 

Figure  12.1-1,  DPU  Block  Diagram,  depicts  the  component  functions. 

12.1.1  TIME  CODE 

The  DPU  time  code  is  56  bits  in  length.  Four  bits  are  the  spacecraft 
identification  code  which  identifies  the  spacecraft,  either  Landsat-D  (1110)  or 
Landsat-D  Prime  (11G\).  The  remaining  52  bits  of  the  time  code  represent  time. 
The  most  significant  bits  represent  hundreds  of  days  of  the  year  down  to  the  4 
least  significant  bits  representing  fractions  of  milliseconds,  with  the  least 
significant  bit  representing  l/16th  of  a millisecond. 
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Figure  .12.1-1*  DPU  Block  Diagram 
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The  time  code  will  be  loaded  into  the  DPU  Time  Code  counter  via  the  RIU  using 
four  serial  digital  commands.  The  format  of  these  commands  is  defined  in  the 
Data  Format  Control  Book  Volume  III  (Command). 

12.1.2  DPU  TIME  COUNTER 

Th 2 time  code  counter  becomes  valid  on  the  major  frame  sync  after  it  is  loaded. 
The  counter  is  then  Incremented  every  1/16  of  a millisecond.  The  timing  is 
derived  from  the  1.024  MHz  clock  from  the  RIU  and  therefore  the  accuracy  of  the 
time  code  is  dependent  on  the  accuracy  of  this  clock.  The  time  code  counter  Is 
invalid  during  the  loading  operation  and  during  the  propagation  delays  after  It 
is  incremented.  The  DPU  shall  not  allow  data  transfers  from  the  counter  to  the 
TH,  MSS  or  RIU  holding  registers  while  the  counter  is  Invalid.  The  time  code 
counter  does  not  have  to  rese^  after  366  days  but  may  continue  to  count  to  999 
days  or  until  loaded  with  a new  time  code. 

12*1.3  DPU  REGISTERS 

The  DPU  contains  three  holding  registers: 

RIU  Holding  Register  - 56  bit*. 

TM  Holding  Register  - 56  bits 
MSS  Holding  Register  - 48  bits 

,r,he  registers  will  be  updated  on  every  1 .024  KHz  clock  providing: 

1.  The  time  code  counter  is  valid,  and 

2.  The  holding  register  is  not  transferring  a previous  time  code 

The  MSS  register  is  only  48  bits  long  and  the  time  code  in  this  register  will  be 
truncated  so  the  last  four  LSB"s  will  l>e  hundredths  of  seconds. 

12.1.4  PCD  FORMATTER  CONVERTER 

The  DPU  will  accept  data  and  clock  from  the  PCD  formatter  and  convert  it  to  data 
acceptable  to  the  f hematic  Mapper.  This  conversion  will  be  from  serial 
t lemetry  data  to  6 bit  parallel  data  that  is  transferred  to  the  TM.  The  most 
recent  bit  from  the  serial  data  will  be  considered  the  ESB  and  be  applied  to  the 
TM  bit  8 buffer.  Configuration  of  the  D^U  for  PCD  Formatter  is  accomplished  by 
internal  wiring. 

12*1.5  DPU/ TM 

The  'Hi  will  interogate  the  DPU  TM  holding  register  by  sending  a differential 
envelope  and  clock  signals  to  the  DPU.  The  DPU  outputs  formatted  time  code  from 
the  TM  holding  register  upon  receipt  of  the  interrogation  signals.  The  TM  time 
code  is  the  last  valid  time  code  before  the  envelope  from  the  TM.  The  output 
format  is  defined  in  the  Data  Format  Control  Book,  Volume  V (Payload). 
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12.1.6  DPU/ MSS 

Upon  receipt  of  an  envelop.'  and  clock  signal  from  the  MSS,  the  D?U  will  output 
formatted  time  code  from  the  MSS  holding  register  to  the  MSS.  This  time  code  is 
4 bits  of  source  code  and  44  bits  of  time  information.  The  time  code  sent  to  the 
MSS  is  the  last  valid  time  code  before  odd  number  envelopes  from  the  MSS.  The 
format  is  defined  in  the  Data  Format  Control  Book,  Volume  V (Payload). 

12.1.7  DPU/RIU 

The  DPU  will  output  tine  code  to  the  active  RIU  upon  receipt  of  the  proper 
serial  digital  telemetry  enable  and  clock  signals.  The  time  code  transfer  will 
require  eight  transfers.  The  first  transfer  contains  spacecraft  code  and 
hundreds  of  days.  The  subsequent  6 transfers  are  time  code  and  the  eighth  is  a 
telemetry  word  showing  DPU  status.  The  time  code  sent  is  the  last  valid  time 
code  before  the  Major  Frame  Sy.\c.  This  format  is  defined  in  the  Data  Format 
Control  Book,  Volume  V (Pry load). 

12.2  DPU  PERFORMANCE  CAPABILITIES 

1.  Distributes  time  code  to  RIU,  TM,  MSS  and  PCD  formatter. 

2.  Reformates  PCD  to  7’M  8 bit  parallel  transfer* 

12.3  DFb  MODES  OF  OPERATION 

12.3.1  DPU  STANDBY  MODE 

Communicates  with  RIU  and  sends  data  to  PCD  formatter  during  standby  mode. 

12.3.2  DPU  FULL  ON  MODE 

During  DPU  Full  •'*"*  Mode,  sends  time  code  to  RIU,  TM,  MSS  and  PCD  formatter. 
Reformates  PCD  v.  *’8  bit  parallel  transfer* 

12.4  DPU  CONSTRAINT 

12.4.1  DPU  INITIALISATION  CONSTRAINTS 

For  initialisation,  the  time  code  must  be  loaded  into  DPU. 

12.4.2  DPU  TELEMETRY  CONSTRAINTS 

A major  frame  synch  pulse  from  the  RIU  is  required  prior  to  initiation  of  the 
telemetry  sequence. 
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12.4.3  DPU  COMMAND  CONSTRAINTS 

The  loading  process  of  the  DPU  takes  four  commands  given  in  proper  sequence, 
followed  by  a major  frame  synch  pulse. 

12.4 .4  DPU  TEMPERATURE  CONSTRAINTS 

If  the  DPU  temperature  upper  limit  of  TBD  degrees  centigrade  is  exceeded,  the 
DPU  should  be  commanded  from  the  FULL  ON  to  STANDBY  MODE. 

12.4.5  DPU  OPERATING  MODE  CONSTRAINTS 

1.  DPU  Spacecraft  time  will  be  updated  using  the  1.024  MHz  clock  from  the 
RIU  as  the  timing  reference. 

2.  If  switching  from  PDU  A to  B (or  reverse),  the  DPU  time  code  output 
(for  telemetry,  TM,  MSS  and  PDU  MUX)  will  be  lost  during  the 
reconfiguration  period.  This  is  because  PDU  A is  tied  to  DPU  A.  The 
same  is  true  for  the  B side. 

3.  When  updating  DPU  time,  the  MSS  and  TM  time  code  will  not  be  updated 
during  the  time  of  receipt  of  the  four  serial  magnitude  commands  from 
the  OBC. 

12.4.6  DPU  SAFE  HOLD  CONSTRAINTS 

I.  Once  Safehold  mode  has  been  entered,  the  second  time  code  bus  for  MSS 
and  TM  should  be  disabled.  Once  recovery  has  been  completed,  the  DPU 
can  be  ground  commanded  to  FULL  ON. 

i 

12.5  REDUNDANCY  AND  CROSS-STRAPPING 

The  DPU  Is  block  redundant  having  an  A and  a B unit.  Both  DPU  A and  DPU  B 
obtain  input  from  RIU  A or  RIU  B.  They  are  cross-strapped  and  obtain  signals 
from  the  active  RIU.  The  active  RIU  is  determined  by  the  status  of  the  +5V 
signal  from  RIU  B.  PCD  Is  not  cross-strapped;  PCD  A interfaces  only  with  DPU  A 
and  PCD  B interfaces  with  DPU  B.  The  DPU  A and  DPU  B outputs  to  the  TM  and  MSS 
are  tied  together  in  the  TM  or  MSS  respectfully . The  DPU  is  powered  by  the  PDU 
power  supplies.  PDU  A supplies  DPU  A with  5 VDC  and  PDU  B supplies  DPU  B with  5 
VDC  with  no  cross-strapping  available.  DPU  redundancy  and  cross-strapping  is 
shown  in  Figure  12.5-1. 
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12.6  DFU  COMMANDS 

Operation  of  the  DFU  i * controlled  using  4 discrete  comnd®  and  l serial 
magnitude  command.  The  discrete  command**  are  executed  by  relays  In  the  Power 
Distribution  Unit  (FDD)  and  the  aerial  magnitude  command  is  executed  by  logic 
circuits  in  the  DPI?. 

Discrete  commands  affecting  DFU  operation  are  listed  in  Table  12.6-1  * which 
contain©  the  command  address  (RIU  and  channel)  and  the  unique  acronym  ansignod 
to  each  command  function,  in  the  ground  test  data  base  and  software,  those 
command©  nr©  of  the  for®  PDU/ACRONYM  and  are  verified  a©  indicated  in  Table 
12.6-2. 

Table  12.6-3  presents  the  bit  structure  for  serial  magnitude  data  in  DFU  serial 
command  messages.  Command  descriptions  are  provided  in  Section  12.6.1*  command 
sequences  in  Section  12.6.2,  and  command  restraints  in  Section  12.6.3. 

All  DFU  commands  are  addressed  to  RID  6#  and  all  commands  may  be  executed  by 
either  the  A or  B RID*  There  are  no  commands  dedicated  to  RIU  A only  or  RID  B 
only. 
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Table  12.6-1*  Discrete  Commands 


RID 

CH 

Acronym 

Command  Name 

6 

14 

/PDU, ELECTA 

SELECT  ELECTRONICS 

A (PDU  4 DPU) 

6 

43 

/PDU.ELECTB 

SELECT  ELECTRONICS 

B (PDU  & DPU) 

6 

47 

/PDU.DPUSBY 

DPU  STANDBY 

6 

18 

/PDU, DPUON 

DPU  FULL  ON 

Table  12.6-2*  Discrete  Command  Verification 


Command 

Reference 

Paragraph 

P re  req  ui  s i t e C omp  1 erne  n t 

TLK 

Verification 

Remarks 

ELECTA 

12.6.1.1 

ELECTS 

YPDUELE*®! 

PDU  A 

DPUSEL^l 

DPU  A 

ELECTS 

12.6.1.1 

ELECTA 

YFDUELE«®0 

PDU  B 

DPUSEL®0 

DPU  B 

D PUS BY 

12.6.1.2 

DPUON 

YDPUFWR^O 

DPUON 

12.6.1.2 

DPUSBY 

YDFUFWR*®! 
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12.6.1  COMMAND  DESCRIPTIONS 

The  following  paragraphs  describe  commands  which  affect  operation  of  the  DPU. 
12.6*1.1  Power  Control  Commands 

One  of  the  power  converters  in  the  PDU  is  always  powered  whenever  the  spacecraft 
is  powered.  The  power  converter  which  is  on  is  determined  by  one  of  the  two 
mutually  exclusive  commands  /PDU, ELECTA  and  /PDU,ELECIB.  DPU  A Is  dedicated  to 
PDU  power  converter  A*  and  DPU  B to  PDU  B*  There  are  no  PDU  or  DPU  off 
commands.  Either  PDU  power  converter  A and  DPU  A are  on,  or  PDU  power  converter 
B and  DPU  B are  on.  Thus,  ELECTA  turns  DPU  A on  and  DPU  B off.  Conversely, 
ELECT'S  turns  DPU  B on  and  DPU  A off. 

12.6.1*2  Mode  Control  Commands 

The  DPU  has  two  operating  modes,  Standby  and  Full  On,  which  are  mutually 
exclusive.  The  command  /PDU,BPUSBY  places  the  DPU  which  is  on  from  the  commands 
in  12.6.1.1  Into  the  Standby  mode.  In  this  mode,  the  selected  DPU  will  accept 
Time  Code  Load  commands  and  provide  telemetry  outputs  to  either  RIU.  The 
command  /PDU,DPUON  places  the  selected  DPU  into  the  Full  On  mode.  In*ttiis  mode 
the  DPU  will,  In  addition  to  the  Standby  mode  functions,  provide  time  code  data 
to  the  MSS  and  TM  when  strobed  by  these  instruments,  and  it  will  accept  and 
process  payload  correction  data  for  transfer  to  the  TM. 

The  DPU  will  retain  the  mode  last  commanded.  Thus,  if  DPU  A is  on  in  either 
mode  and  the  commands  of  12.6*1.1  are  used  to  switch  to  DPU  B,  DPU  B will  assume 
the  mode  in  which  DPU  A had  been  operating. 

i 

12.6.1.3  Time  Code  Load  Commands 

Four  16  bit  serial  magnitude  commands  to  address  670  (RIU  6,  serial  command 
enable  line  0)  are  required  to  complete  a time  code  load,  as  indicated  in  Table 
12.6-3.  The  active  DPU  will,  In  either  the  Standby  or  Full  On  mode,  accept  time 
code  load  commands  from  either  RIU  6 A or  6B.  Time  code  outputs  from  the  DPU 
will  be  erroneous  during  the  load  period  and  will  not  become  valid  until  a major 
frame  sync  pulse  Is  received  by  the*  DPU  after  the  fourth  time  code  load  command 
has  been  received.  The  major  frame  pulse  causes  the  DPU  time  code  circuits  to 
update  to  the  loaded  value  and  start  increasing  in  sixteenth  millisecond 
increments . 

Switching  from  one  DPU  to  the  other  causes  loss  of  valid  time  code  data,  because 
the  DPU  which  had  been  off  had  no  time  code  retention  capability  in  the 
unpowered  state.  It  Is  necessary,  therefore,  to  reload  time  code  whenever  a 
change  from  one  DPU  to  the  other  is  commanded* 
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12*6.2  COMMAND  SEQUENCES 

There  are  no  special  command  aecuences  required  for  DPU  operation*  Commands  may 
be  sent  in  any  order  without  causing  harm  to  the  subsystem  or  the  spacecraft. 

12.6.3  COMMAND  RESTRAINTS 

A time  code  load  must  be  accomplished  after  switching  from  one  DPU  to  the  other. 
If  the  load  is  not  performed,  time  code  outputs  from  the  DPU  will  not  be  valid. 
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12.7  DPU  TELEMETRY 

Operation  of  the  DPU  is  monitored  via  6 telemetry  channels.  Two  bilevel  digital 
channels  providing  RIU  status,  one  passive  analog  channel  providing  temperature 
information,  and  one  serial  digital  channel  providing  time  code  and  DPU  status* 
receive  inputs  directly  from  the  DPU.  Two  bilevel  digital  channels  providing 
DPU  power  and  mode  status  receive  inputs  from  command  relays  in  the  PDU. 

The  telemetry  monitors  are  listed  in  Table  12.7-1  by  function  name  and  acronym. 

In  the  table,  signal  types  are  designated  PASS  for  passive  analog,  S for  serial 
digital,  and  B for  bilevel  digital  functions.  The  numbers  associated  with  the  S 
and  B notations  indicate  bit  numbers  of  the  8-bit  digital  word  in  the  telemetry 
data  stream,  where  bit  0 is  the  MSB.  SKPL  RATE  defines  the  number  of  times  a 
function  is  sampled  in  a telemetry  major  frame. 

12.7.1  TELEMETRY  DESCRIPTIONS 

The  DPU  telemetry  monitors  provide  command  verification,  subsystem  status,  and 
diagnostic  information.  This  section  presents  telemetry  descriptions  using  the 
acronyms  in  Table  12.7-1.  Where  possible,  monitors  are  collected  into  functional 
groups  for  ease  in  understanding. 

12.7.1.1  DPU  Temperature  (DPUTEMP) 

This  monitor  Indicates  the  temperature  derived  from  a thermistor  located  Inside 
the  DPU  module.  Fo~  information  regarding  calibration  curve  coefficients  for 
this  telemetered  fui  :tion,  see  Appendix  A. 12. 
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12. 7. 1.2  Power  and  Operating  Mode  Status  Monitors 

YFDUELE  - PDU  electronics  A/B  selected 
YDPUm  - DFU  full  on/standby 
DPUSEL  - DPU  A/B  selected 

These  monitors  provide  telemetry  verification  for  the  commands  described  in 
Paragraphs  12.6.1*1  and  12.6.1.2.  Since  DPU  A is  dedicated  to  PDU  A and  DPU  B 
to  PDU  B,  the  monitors  YPDUELE  and  DPUSEL  will  always  indicate  PDU  A and  DPU  A 
at  the  same  time,  or  PDU  B and  DPU  B at  the  same  time.  Decoding  of  the  monitors 
is  shown  below. 

YPDUELE  0 ® PDU  electronics  B selected 
1 ® PDU  electronics  A selected 

DPUSEL  0 « DPU  B on,  A off 
1 * DPU  A on,  B off 

YDPUPWR  0 « Selected  DPU  in  Standby  mode 
1 m Selected  DPU  in  Full  On  mode 

1 2 .7 . 1 . 3 RIU  Status  Monitors 

DARIU  - DPU  A RIU  A on/off 
DBRIU  - DPU  B RIU  B on/of f 
DRIUSEL  - RIU  A/B  selected 

These  monitors  provide  an  indication  of  whether  RIU  6A  or  RIU  6B  Is  providing 
inputs  and  accepting  outputs  from  the  DPU.  DARo.  J is  valid  only  when  DPU  A is  on 
(DPUSEL®!)  & and  DBRIU  Is  valid  only  when  DPU  B Is  on  (DPUSEL-0).  DRIUSEL  is 
valid  whichever  DPU  is  on.  The  monitors  are  decoded  as  shown  below. 

DARIU  0 b*  DPU  A RIU  6A  off 
l ® DPU  A RIU  6A  on 

DBRIU  0 * DPU  B RIU  6 A off 
I » DPU  B RIU  6A  on 

DRIUSEL  0 « RIU  6B  selected 
1 ® RIU  6A  selected 

12.7.1.4  Time  Code  Load  Command  Verification 


As  described  in  Paragraph  12.6*1.3,  four  consecutive  serial  magnitude  commands 
are  required  to  load  a new  time  code  in  the  DPU.  The  telemetry  monitors  shown 
below  provide  verification  of  the  load  commands. 
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DLDGTC  - DPU  leading  time  code  yes/no 
DTCRGUP  - Time  code  register  update  yes/ no 

DLDGTC  transitions  to  a logic  ”1”  state  when  the  DPU  receives  the  first  of  the 
four  time  code  load  commands  anu  remains  in  that  state  until  the  fourth  command 
is  received*  at  which  time  It  transitions  to  a logic  state.  Because  of  the 
low  sample  rate  for  this  monitor  (once  every  telemetry  major  frame)  the 
transition  will  not  be  seen  unless  the  command  transmissions  happen  to  coincide 
with  the  sample  period  for  DLDGTC.  The  monitor  Is  decoded  as  shown  below. 

DLDGTC  0 « DPU  not  loading  time  code 
1 ® DPU  loading  time  code 

The  first  telemetry  major  frame  sync  pulse  received  by  the  DPU  after  reception 
of  the  fourth  time  code  load  command  causes  the  time  code  circuits  in  the  DPU  to 
update  to  the  loaded  value.  At  the  same  time*  the  monitor  DTCRGUP  transitions 
to  a logic  state  and  remains  in  that  state  until  the  following  major  frame 
pulse  is  received,  which  causes  it  to  transition  to  a logic  "0"  state.  The 
indication  is  present,  therefore,  only  during  the  telemetry  major  frame  in  which 
the  updated  time  code  appears.  The  monitor  is  decoded  as  shown  below. 

DTCRGUP  0 « Time  code  register  update  - MO 
1 * Time  code  register  update  * YES 

12.7.1.5  Time  Code  Data  (DPU-01) 

Time  code  data  from  the  DPU  appears  once  per  major  frame  in  the  telemetry  data 
stream.  The  data  consists  of  seven  8-bit  serial  digital  telemetry  words  located 
in  the  first  seven  telemetry  minor  frames  as  shown  In  Table  12.7—1  and  below. 


Minor  Frame 

Bits  0-3 

Bits  4-7 

0 

DTCSRC 

DTCDAYH 

1 

DTCDAYT 

DTCDA1U 

2 

DTCHRT 

DTCHRU 

3 

DTCMXNT 

DTCMINU 

4 

DTCSECT 

DIGS ECU 

5 

DICMSECH 

DTCMSECT 

6 

DTCKSECU 

MS  fractions 

The  time  contained  in  the  seven  words  Is  the  time  which  was  stored  in  the  rime 
code  register  at  the  beginning  of  the  telemetry  major  frame  in  which  the  tine 
code  data  appears.  As  discussed  in  Paragraph  12.6.1.3,  time  code  data  becomes 
erroneous  while-  time  code  load  commands  are  being  executed,  and  also  when 
switching  from  one  DPU  to  the  other. 
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12.7.1.6  Data  Output  Monitors 

Tbs  DPU  provides,  upon  request,  time  code  to  the  MSS  and  TM  instruments,  and 
payload  correction  data  (PCD)  to  the  TM.  The  DPU  mist  be  In  the  Full  On  mode  to 
accomplish  the  data  transfers.  Three  telemetry  monitors  are  provided  to 
indicate  whether  time  code  requests  were  received  or  PCD  was  transferred  by  the 
DPU.  The  monitors  indicate  status  for  the  telemetry  major  frame  preceding  the 
major  frame  in  which  they  occur.  Thus,  If  a data  request  or  data  transfer 
occurred  at  any  time  during  major  frame  N#  the  telemetry  indication  of  the 
occurrence  will  occur  In  major  frame  N+l*  Decoding  of  the  monitors  is  shown 
below. 

BKSSTCR  0 «*  MSS  time  code  not  requested 
1 * MSS  time  code  requested 

DTKTCR  0 - TM  time  code  not  requested 
1 * TM  time  code  request 

DCDHTMT  0 *»  PCD  not  transferred  to  TM 
1 » PCD  transferred  to  TM 
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WIDEBAND  COMMUNICATIONS  SUBSYSTEM 
1 3 .1  FUNCTIONAL  DESCRIPTION 

The  Wideband  Communications  Subsystem  (WSCS)  receives  digital  data  signals  from 
the  Thematic  Mapper  (TM)  and  the  Multiplexer  Scanner  (MSS)  sensors  and  transmits 
the  data  to  the  Tracking  and  Data  Relay  Satellite  (TDRS)  System  at  Ru~band 
and/or  to  selected  ground  stations  at  X-hand . The  subsystem  also  includes  the  S- 
Band  High  Gain  Antenna  for  communication  with  the  TDRS* 

The  VBCS  consists  of  a wideband  module  (WBM) , RF  compartment  (RFC)  and  the 
gimbal  drive  assembly. 

The  wideband  module  contains  the  X-band  transmission  link  equipment  Traveling 
Wave  Tube  Amplifiers  (TWTA),  signal  and  power  control,  gimbal  drive  electronics, 
tne  modulator  portion  of  the  Ku-band  transmission  link  equipment,  and  the 
autotrack  receiver. 

The  RF  compartment  contains  the  Ku/S-band  antenna,  the  Ku-band  switching, 
diplexing,  up  conversion  components,  Ku-band  TWTA's,  and  down  converters  for  the 
Auto track  System.  The  RF  compartment  and  Ku/S-band  antenna  are  attached  to  the 
top  of  the  antenna  mast  by  means  of  the  gimbal  drive  assembly,  a two-axis  rotary 
mechanism  consisting  of  an  e leva ti on-ova r-azimuth  mount. 

See  Figure  13.1-1  for  block  diagram  of  Wideband  Communication  Subsystem. 


LSD-WPC-263 


13-1 


Figure  13.1-1  Block  Diagram,  Wideband  Communication  Subsystem 
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13.1 •!  KU-BAND  FORWARD  LINK 

The  Ku-band  forward  link  signal  (3  mega  chips/sec  PN  spread  spectrum)  from  the 
TDRSS  is  received  by  the  five-horn  feed  assembly  of  the  1.8  meter  Ru/S-band 
steerable  antenna.  Four  small  monopul.se  feed  horns,  which  surround  the  sum 
channel  feed  horn,  and  the  autotrack  comparator,  synthesize  the  azimuth  and  the 
elevation  difference  signals.  These  signals  are  proportional  to  the  angular 
error  between  the  antenna  bores ight  and  the  received  TDRSS  signal  line  of  sight. 
They  ore  biphase  modulated,  time  multiplexed,  and  added  in-phase  to  the 
reference  sum  channel  received  signal  by  means  of  a 10-dB  coupler  to  generate 
the  ampli tude -modulated  (AM)  autotrack  signal.  As  shown  in  the  block  diagram, 
Figure  13-2,  the  sum  channel  signal  is  routed  to  the  downconverter  via  the 
diplexer/f liter  which  provides  receive-band  selection  in  addition  to  attenuation 
of  the  receiver  image  band  and  Ru-band  TWTA  broadband  noise. 

The  composite  single  channel  AM  auto track  signal  is  downconverted  and  routed 
through  the  cable  wrap  assembly  and  down  the  boom  to  the  auto track  receivers 
(ATR)  located  in  the  wideband  module.  Coax  switches  provide  cross-strap 
redundancy  between  the  downconverters  and  the  autotruck  receivers.  The  signal 
is  amplified  o/  an  automatic  gain-controlled  IF  amplifier  prior  to  square-law 
detection  to  rjmo^i  the  amplitude  modulation  representing  the  normalized  azimuth 
find  elevation  enor  signals.  Separation  of  the  azimuth  and  elevation  error 
signals  is  accomplished  by  a demultiplexer  contained  within  the  autotruck 
receiver.  The  demultiplexing  waveform  which  separates  both  these  signals  is 
identical  to,  and  .synchronized  with,  the  multiplexing  waveform.  A low  frequency 
filtered  dc  signal  derived  from  the  ACC  circuit;  provides  sign  automatic  gain 
control  &1  strength  indication.  The  two  pointing  error  signals,  together  with 
the  signal  strength  signal,  are  digitized  by  the  standard  NASA  Remote  Interface 
Units  ( R I Os ) and  provided  to  the  onboard  computer  (OBC)  via  the  Flight  Segment 
(FS)  multiplex  data  bus.  The  signal  strength  signal  is  processed  by  the  onboard 
computer  (OBC)  to  activate  the  autotrack  mode  and  is  also  telemetered  to  the 
TDRSS  ground  station  via  the  Communications  and  Data  Handling  (C&PH)  subsystem 
to  verify  that  the  TDRSS-to-Landsat  FS  link  has  been  established. 

The  autotrack  receiver,  antenna,  gimbal  drive  assembly  and  OBC  form  a closed 
loop  monopulse  tracking  system.  The  azimuth  and  elevation  error  signals  are 
processed  by  the  OBC  to  generate  appropriate  command  signals  which  are,  in  turn* 
fed  back  through  the  RIUs  to  the  gimbal  drive  assembly.  In  response  to  these 
signals,  the  gimbal  motors  position  the  antenna  in  a direction  which  minimizes 
the  angular  error  between  the  antenna  bores ight  and  the  TDRSS  signal  line  of 
sight. 

In  addition  to  the  autotrack  mode  of  operation,  the  steerable  high  gain  antenna 
a 1 s o opera tes  in  a pr ogr a m t r a c k mode . Pos X t i on  feed ha ck  to  t he  onboa rd 
computer  via  the  HI Us  is  provided  by  azimuth  and  elevation  gimbal  resolvers. 
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Figure  13.  1-2 « Ku-Sand  Forward  Channel 
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13.1.2  SENSOR  DATA  MODULATION  AND  MODS 

TM  and  MSS  data  are  first  routed  to  the  digital  switching  unit  (DSU)  in  the 
wideband  module  where  they  are  reclocked  by  means  of  associated  clock  signals, 
prior  to  mode  selection.  Independent  mode  selection  Is  provided  for  both  X-band 
and  Ku-band  operation  activating  one  of  fifteen  data  output  combinations  for  the 
two  links.  The  outputs  from  the  DSU,  consisting  of  differently  encoded  TM  and 
MSS  data  on  separate  in-phase  (I)  and  quadrature  phase  (Q)  lines,  are  provided 
as  inputs  to  unbalanced  quadrature  phase-shift  keyed  (QPSK)  modulators.  The 
QPSK  modulators  modulate  the  selected  TM  and  MSS  data  onto  S-band  RF  carrier 
references. 


13.1.3  KU-BAND  TRANSMISSION  LINK 

For  the  Ku-band  transmission  link  via  TDRSS,  the  UQPSK  modulated  S-band  signal 
Is  routed  to  redundant  Ku-band  upconverters  in  the  RF  compartment.  The 
upconverters,  driven  by  frequency  sources  in  the  wideband  module,  translate  the 
modulated  S-band  signal  to  the  Ku-band.  The  upconvetter  output  Is  amplified  by 
one  of  two  redundant  22-watt  TWTAs  prior  to  being  transmitted  via  the 
diplexer/f liter  and  Ku/S-band  antenna  as  in  Figure  13.1-3. 


The  output  from  the  diplexer/f liter  drives  the  1.8  meter  high-gain  antenna.  The 
antenna  also  contains  an  S-band  feed  which  provides  a high-gain  antenna 
receive /transmission  capability  for  C&DH  module  S-band  command  reception  and 
telemetry  data  transmission.  The  narrow-band  communications  discussion  (Section 
20)  for  physical  description  and  operational  procedures  of  the  high-gain 
antenna. 


13.1.4  X-BAND  TRANSMISSION  LINK 

For  X-band  direct  readout  transmission,  redundant  modulated  S-band  signals  from 
the  dedicated  UQPSK  modulators  in  the  wideband  module  are  provided  as  an  input 
to  X-band  upconverters.  The  upconverters,  driven  from  frquency  sources  located 
within  the  module,  upconvert  the  modulated  S-band  signal  to  X-band.  The  output 
from  the  upconverter  is  amplified  by  means  of  a 44-watt  TWTA  prior  to  being 
filtered  by  a transmit  lowpass  filter  as  depicted  in  Figure  13.1-4. 

The  output  from  the  lowpass  filter  drives  an  X-band  shaped-beam  antenna  which 
provides  essentially  constant  Effective  Isotropic  Radiated  Power  EIRP  over  the 
illuminated  surface  of  the  earth. 
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13.2  PERFORMANCE  CAPABILITIES  (WBCS) 

The  Wideband  Communications  Subsystem  capabilities  are  summarised  in  Table 
13.2-1. 
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Function 

Ku-band  return*! ink  modes 


Ku-band  re turn* link  margin  at 
beginning  of  life 

TO  & MSS  data  conditioning  prior 
to  KU  and  X band  modulation 

Ku-band  antenna 


Landsat  D FS  Characteristics 

e Ku-band  Single  Access  (KSA) , 

X and  5-band  links  operate 
independently  and  simultaneously 
for  limited  periods 

© Switching  provided  to  allow  in- 
dependent selection  of  trans- 
mission mode 

• No  data  interruptions  as  a 
result 

of  data  mode  switching 

o 4.7  dB  in  the  autotrack  mode 

© >3.7  dB  in  the  program  mode 

© Differentially  encoded  (e.g., 
NRZ-M  Pulse  Code  Modulation) 

© Automatically  resolves  channel 
and  polarity,  ambiguity  NRZ-L 
output  from  ground  stations 

© Polarization:  Right-hand 
circular 

® Frequency:  13,775  ++  0.7  MHz 
(Forward  link);  15,003.4  + 0.76 
MHZ  (Return  Link) 

© Pointing  error  (3  sigma  CEP): 

Program  track  0.255° 

Autotrack  0.1 

0 Power  handling:  >1  dB  over  the 
maximum  power  at  the  antenna 


LSI>-WPC-263 


‘^■'*f*fvv^ 


ORfGff\|/iL  PAGF  i* 
OF  POOR  QUALITY 


SVS-10266 
31  December  1981 

Table  13-1.  WBCS  Performance  Capabilities 


« Gain:  Consistent  with  EIRP  and 
Power  Flux  Density  (PFD) 
requirements 

© Axial  Ratio:  <1*5  dB  over  3 dB 
Beamwidth 

Input  power  (max) /operating  mode 

Mode  l? 

1)  Standby  170  watts 

2)  Ku-band  Transmission 
(X  Standby)* 

264  Watts 

3)  X-band  Transmission 

(KU  Standby)  282  Watts** 

4)  Ku  and  X-band  Transmission**: 
350  Watts 

5)  Safehold:  157  Watts 

X-band  downlink  margin  at  beginning 
of  life 

® 3 dB  based  on  a bit  error  rate 
rate  of  10  6 

X-band  Ant enna 

q Polarization:  Right-hand 

circular 

© Frequency:  8,213.5  + 0.4  MHZ 

© Power  Handling:  >1  dB  over  the 
maximum  power  at  the  antenna 

© Coverage:  Provides  an 
approximate  constant  PFD 
on  earth  for  a 
subtended  angle  of  4*63.8 
degrees 

*■  Girabal  Assembly  auto-tracking  TDR3S  at 
**Gimbal  Assembly  program  tracking  TDRSS 

average  rate, 
at  average  rate* 
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S-band  high  gain  antenna 


Ku-Band  Forward  Link 


Ku-Band  Gimbal  Assembly  Performance 


• VSWR  (receive  and  transmit) 
<1.5:1 

0 Power  handling  (Transmit)  6 
Watts 

0 KU-Band  auto track  receiver  input 
signal  characteristics: 

Center  Freq.  13.775  GHz  + 0.7 
MHz 

Signal  bandwidth.:  6 MHz 
Dynamic  Range  & Tracking:  -162 
to  -153  dBwi 
Polari za  t i on : RCP 

Modulation  UQPSK:  (10:1  power 
split)  with  two  3 Mps  PH 
codes  hi-phase  modulating 
the  carriers 

© Rotation:  Bidirectional 

© Elevation:  130  degrees 

© Azimuth:  400  degrees 

© Nominal  step-size  at  output: 
0.018  degrees 

© Nominal  tracking  speed:  0.06 
deg/sec 

© Slew  speed  (max):  2.81  deg/sec 

* Gimbal  Acceleration: 

0.5  deg/sec  (max) 

© Mechanical  Hards  top:  azimuth 

+200  degrees  referenced  to  FS 
+X  axis  elevation 
+125,  -5  degrees  referenced 
to  spacecraft  -Z  axis. 

© Input  gimbal  step  cmd  (max); 

80  steps/512  millisecs  (2.8125 
deg /sec) 

© Input  gimbal  step  cmd  (min): 

0 step/ 512  mills ec 

@ Input  gimb&i  step  cmd  (data 
format)  Serial  from  RIU 
(one  16~bit  word  each  used 


LSD-WPC-26J 


ORfGfWAL  PAQS  fg 
OF  POOR  QUALITY 


SVS-10266 
31  December  1981 


Table  13-1.  WbCS  Performance  Capabilities 


at  AZ  and  EL) 

s Input  gimbal  step  cmd  (Max)  Word 
Rate:  1 word/512  millsecs 
p Output  Resolver  Data:  0 to  360 
to  a resolution  of  0-022 
p Word  size:  Two  8 bit  serif*5  data 
words/axis  via  RIU  [+14  bit 
(1  make  bit  + a spare  bit] 
(Azimuth  only) 

o Convert  pulse:  Discrete  command 
from  RIU  every  236  millisec 

WBCS  Life  Performance  « Minimum  of  3 years  with  TWTA^s 

and  GuA  cycled  as  follows: 
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Traveling  Wave  Tube  Amplifier  Operation 
Performance  X-B&nd  Ku~Band 


Maximum  Duty 
Cycle  Test  Hours 
(GE) 


Antenna  Gimbai  Assembly  Operation 

Full  Cycles  (Operation  & Test) 

Test  Cycles  (GE) 


20,000 

1,000 


Cycles  (Opera' ion  & Test) 
Nominal  Duty  Cycle 
30  Kin/100  Min 
200  Hou  s 


ou 

It  Min/ 100  Mf  n 
30  Min/ 100  Min 
200  Hours 


tyvu 

15  Min/ 100  Min 
30  Min/ 100  Min 
200  Hours 


13.3  MODES  OF  OPERATION  (WBCS) 

The  RF  compartment,  gimbai  drive  assembly  and  the  wide  band  module  are  configured 
to  operate  in  one  of  five  modes.  These  WBCS  configurations  are  shown  in  Figure 
14*3-1  along  with  the  WBCS  equipment  ON/OFF  status  by  modes.  Figure  13. 3-2 
provides  the  data  mode  cc.abi nations  for  each  transmission  link. 
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EQUIPMENT 

MODE  1 
BOTH  STBY 

MODE  2 
KU  GPER 

mo'dFT" 

X OPES 

MODE  4 
BOTH  OPER 

KODE  5 
SAFEHOLD ; 

RFC 

KU  UPCV 

X 

X 

X 

X 

KU  TWTA 

STBY 

X 

STBY 

X 

FS-3 

X 

X 

AT  DNCV 

X 

X 

ATC 

X 

X 

CPA 

EL  GDA 

X 

X 

X 

X 

AX  GDA 

X 

X 

X 

X 

WBM 

X TWTA 

STBY 

STBY 

X 

X 

UQPSK-2(X) 

X 

X 

X FS  ELEC 

X 

X 

X 

X FS  OVEN 

X 

X 

X 

X 

X 

KU  FS  ELEC 

X 

X 

X 

KU  FS  OVEN 

X 

X 

X 

X 

X 

UQPSK-l(KU) 

X 

X 

DSU 

X 

X 

X 

ATR 

X 

X 

GDE 

X 

X 

X 

X 

RIU 

X 

X 

X 

X 

X 

3-10 

EU 

X 

X 

X 

X 

X 

PSU 

X 

X 

X 

X 

X 

PC 

X 

X 

X 

X 

X 

Figure  13.3-1.  WCS  Equipment  ON/ OFF  Status  by  Modes 
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Figure  13.3-2.  Data  Mode  Combinations 
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13*3  *1  MODE  1 - STANDBY 

This  mode  is  tet  to  cycle  the  TOTALS  for  both  KU-band  and  X-baud  from  an  operate 
mode  to  standb>  when  they  are  utilized  in  succeeding  passes*  This  allows  the 
TOT A' s to  remain  in  a power  ON,  heater  power  ON,  and  beam  current  OFF  state* 

13*3*2  MODE  2 - KU-BAND  ON  (X-BAND  OFF) 

The  KU-band  forward  and  return  channels  are  configured  for  TDRSS  tracking  and 
data  transmission.  The  KU-band  TOTA  will  be  in  operate  mode  with  its  beam 
current  ON.  The  X-band  TOTA  remains  in  STANDBY  or  OFF  depending  on  the 
scheduled  mission  operation* 

13.3.3  MODE  3 - X—BAND  ON  (KU-BAND  OFF) 

The  X-band  transmit  channel  is  configured  for  data  transmission  with  the  X-band 
TOTA  in  operate  mode,  beam  current  ON.  The  RU-band  TOTA  remains  in  STANDBY  or 
OFF  depending  on  the  scheduled  mission  operation. 

13.3.4  MODE  4 - BOTH  KU-BAND  AND  X-BAND  ON 

Both  links  are  in  operation  with  data  transmission  configured  in  accordance  with 
scheduled  mission  operation# 

13*3.5  MODE  5 - SAFE HOLD 

This  mode  is  a result  of  an  abnormal  condition  sensed  by  the  flight  segment 
safe-hold  monitor.  Safe-hold  signals  from  the  Power  Distribution  Unit  of  the  FS 
will  be  provided  to  the  WBC5  to  terminate  all  wide  band  transmission  and  to  stop 
the  TDRSS  Antenna  gimbal  motion.  If  this  condition  should  occur,  the  WBCS  oven 
heaters  for  both  the  KU-band  and  X-band  frequency  source  components  are  the  only 
equipment  that  remain  energized. 

If  it  is  determined  safe  to  re-energize  the  KU-band  and/or  the  X-band  links,  the 
return  to  normal  operation  can  occur  with  transmission  of  commands  regardless  of 
the  state  of  the  redundant  safe-hold  relays. 
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13.4  CONSTRAINTS 

13.4.1  When  both  KO-band  and  X-band  links  are  operated  daily,  the  TOTALS  are  to 
remain  OK  and  cycled  to  operate  mode  (beam  current  ON)  or  standby  mode  (beam 
current  OFF,  heater  power  ON).  If  the  TOTALS  are  not  operated  daily,  the  TOTALS 
will  be  de-energized  (power  OFF). 

13.4.2  The  TWTA^s  both  KU-band  and  X-band,  will  be  switched  from  the  operate 
mode  to  standby  mode  when  the  TWTA  collector  temperature  is  >.  *H65°F  (74°C). 
The  OBC  continue usly  monitors  the  following  telemetry  points  and  issues  the  TWTA 
standby  command  when  the  last  three  consecutive  samples  of  the  telemetry  point 
chicks  out-of-limit.  The  telemetry  sampled  and  the  commands  issued  by  the  OBC 
are  as  follows: 


Telemetry 

Standby  Command 

RFC-Y 

PANEL  (KU-TWTA-A) 

TEMP 

KU  TWTA  PRI  TO  STANDBY 

RFC-Y 

PANEL  (KU-TWTA-B) 

TEMP 

KU  TWTA  RED  TO  STANDBY 

WBM-Y 

PANEL  (X-TWTA-A) 

TEMP 

X-BAND  TWTA  PRI  TO  STANDBY 

WBM-Y 

PANEL  (X-TWTA-B) 

TEMP 

X-BAND  TWTA  RED  TO  STANDBY 
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13.4.3  The  TWT*A's  will  not  be  operated  without  drive  and  without  a modulated 
carrier*  The  I and  Q channels  must  have  either  PN  or  sensor  data  modulation* 
The  command  sequences  to  satisfy  this  constraint  are  ae  follows: 

TWTA  Turn-On  Command  Sequences 


KU-BAND  TWTA 

X-BAND  TWTA 

FUNCTION 

FUNCTION 

1)  Set  Coax  Switch 

1)  Set  Coax  Switch 

Configuration 

Configuration 

2)  Digital  SW  Unit  ON 

2)  Digital  SW  Unit  ON 

3)  Set  Digital  SW  Unit 

3)  Set  Digital  SW  Unit 

Data  Path 

Data  Path 

4)  KU-Band  UQPSK  ON 

4)  X-Band  UQPSK  ON 

5)  KU-Band  Freq 

5)  X-Band  Freq 

Source  1-0N 

Source  2 -ON 

6)  KU-BAND  Up-Conv. 

6)  X~Band  Up-Conv* 

ON 

ON 

7)  KU-TWTA  ON 

7)  X-Band  TWTA  ON 

(Standby) 

(Standby) 

8)  At  Receiver  ON 

8)  Sensor  Data  ON 

9)  Sensor  Data  ON 

9)  TWTA  To  Operate 

10)  Calibrate  Auto 

, 

Track  Receiver 

11)  TWTA  To  Operate 

12)  OBC  Sets  Autotrack 

Mode 

NOTE:  The  KU-band  command  sequence  assumes  that  the  command  and  telemetry 

link  via  TDRSS-SSA  is  established* 

13.4.4  Both  Ku-band  TWTA's  will  not  be  operated  simultaneously.  One  Ku-band 
TWTA  must  be  OFF  to  avoid  excessive  TWTA  collector  temperature  increase. 

13.4.5  Both  X-band  TWTA's  will  not  be  operated  simultaneously*  One  X-band  TWTA 
must  be  OFF  to  avoid  excessive  TWTA  collector  temperature  increase. 

13.4*6  The  Ku-band  waveguide  switch  and  the  X-band  waveguide  circulator  switch 
will  not  be  repositioned  when  RF  power  is  ON. 

13.4.7  The  maximum  duty  cycle  for  either  KU  or  X-band  TWTA  will  not  exceed  30 
minutes  in  a 100  minute  period. 
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13.4.8  If  both  the  MSS  and  TM  instruments  are  ON  and  data  is  being  received  by 
the  TDRSS  G/S,  de-energizing  the  MSS  can  cause  the  TDRSS  G/S  to  drop-out  and  re- 
configure. Therefore,  the  MSS  is  not  to  be  de-energized  if  the  TM  is  on. 

13.5  REDUNDANCY/ CROSS  STRAPPING 

The  implementation  of  the  WBCS  of  the  wideband  communication  subsystem  (WBCS)  is 
highly  redundant  with  the  exception  of  those  elements  identified  in  Table  13.5-1 
as  single  point  failure  items.  Table  13.5-2  provides  a list  of  the  meaning  of 
the  various  single  point  failure  classifications. 

Most  of  the  redundancy  in  the  WBCS  is  provided  as  separate  primary  and  separate 
redundant  component  assemblies  except  for  the  gimbal  drive  electronics  (GDE), 
the  DSU,  and  the  power  switching  unit  (PSU).  Each  of  these  functions  are  single 
component  assemblies  with  each  device  containing  both  the  primary  and  redundant 
funct ions. 

Cross  strapping  is  p-ovided  by  coaxial  and  KU-band  waveguide  transfer  switches. 
The  coaxial  latching  transfer  switch  is  a four-part,  two-position  RF  transfer 
switch  actuated  by  a command  pulse.  The  waveguide  transfer  switch  is  also  a 
four  part  two  position  switch  actuated  by  a command  pulse. 

The  X-band  waveguide  circulator  si^itch  contains  no  moving  parts.  It  contains 
three  ports;  one  output  \ ort  and  two  input  ports  for  the  redundant  X-band  TOT  A. 
It  converts  the  RF  output  of  the  active  XWTA  to  the  X-band  lowpass  filter  while 
disconnecting  the  inactive  TOT A. 

Figure  13.5-1,  13.5-2  and  13.5-3  illustrate  the  redundancies  for  the  Ku-Band  and 
X-Band  downlinks,  the  autotrack,  and  power  supply  respectively.  It  should  be 
pointed  out  that  in  the  context  of  Figures  13.1-7,  13.1-8  and  13.1-9,  'passive" 
redundancy  implies  a switch  exists  in  the  circuit,  while  "active"  implies  that 
there  is  no  switch  in  the  circuit,  and  "dedicated"  implies  that  there  is  no 
cross  strapping. 
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Figure  13.5-3.  Power  Redundancy 
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Table  13.5-1.  Meaning  of  Single  Point  Failure  Classification 


Classification 
Category  and  Level 

Meaning 

Subsystem  Condition 

Catastrophic 

Will  cause  loss  of  total 
wideband  communication 
subsystem  Ku  and  X-Band 
transmissions 

Subsystem  electrical 
power  failure 

Critical 

Will  cause  significant 
loss  of  either  transmit 
or  backup  capabilities . 

Ku-Band  ox_  X-Band 
transmit  function  fails, 
but  not  both. 

Loss  of  either  TM  or 
MSS  data,  but  not  both. 

Simultaneous  loss  of 
backup  redundancy  in 
Ku-Band  and  X-band 
transmit  designs 

i Major 

j 

Will  cause  loss/ 
degradation  of  subsystem 
functional  capabilities 

Loss  of  au tot rack 
system  capability 

Loss  of  capability  to 
turn  of  f component 
which  consumes 
significant  power 
(e.g.,  inability  to 
turn  off  TWTA  would 
negate  use  of  standby 
mode ) . 

Significant 
degradation  in 
critical  link 
perf  orma nee 
parameter  (e.g., 
EXRP ) . 

L5D-KPC-263 


13-23 


ORIGINAL  PAGg 
OF  POOR  QUALITY 

SVS-10266 
31  December  1981 

table  13.5-2.  Single  Point  Failure  Items 


Subsystem 

Function 

Item  Description 

Quantity 

Classification 

Ku  and  X-Band  Transmit 

None 

0 

Catastrophic 

TM  Data 

None 

0 

Catastrophic 

MSS  Data 

None 

0 

Catastrophic 

Ku-Band  Transmit 

- Ku-Band  WG  Switch 
(Rotor-Port)* 

1 

Critical 

- Diplexer/LP  Filter 

1 

Critical 

- Ku-S-Band  Antenna 

1 

Critical 

X-Band  Operation 

- WG  Circulator  Switch 
(Ferrite  Switch) 

1 

Critical 

- LP  Filter 

1 

Critical 

- X-Band  Antenna 

1 

Critical 

Ku-Band  Autotrack 

- Ku  S-Band  Antenna 

- 

Major 

- Hybrid  Coupler 

2 

Major 

- Magic  Tee  Coupler 

2 

Major 

- Phase  Shifter 

; 2 

Major 

- Diplexer 

- 

Major 

- 10  dB  Coupler 

1 

Major 

- WG  Transfer  Switch 

- 

Major 

- Cable  Wrap  Assembly 
(Bond  Strap) 

Major 

*These  elements  support  both  autotrack  and  Ku-Band  transmit  functions. 
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13.6  COMMAND  (WBCS) 

The  wideband  communication  subsystem  uses  both  discrete  and  serial  digital 
commands • 

13.6.1  PSU  DISCRETE  COMMANDS 

The  discrete  commands  are  transmitted  directly  from  the  RIU-9  to  the  power 
switching  unit  (PSU).  The  PSU  performs  control  functions  or  causes  switching  of 
secondary  power  to  the  using  units.  All  even  numbered  commands  are  assigned  to 
primary  function  and  odd  numbered  commands  to  redundant  functions.  Table  13. 6—1 
provides  a listing  of  the  WBCS  discrete  commands,  and  Table  13.6-2  is  a listing 
of  PSU  (only)  discrete  commands. 
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Table  13*6-2.  PSU  Discrete  tomm^d* 


KIU  cm 
cn  no. 


PSU  cm  PROC  REDUNDANT  ON 
rsu  CMD  I'ROC  feKPUHttANT  OFF 
rsu  cm  PROC  remind  to  cow  a 

PSU  CHI)  PROC  RZPi'ND  TO  .00 W 8 
rsu  CMP  PROC  PRIMARY  ON 
PSU  cm  PROC  PRIMARY  OFF 
PSU  CMP  PROC  PRIMARY  TO  CONY  A 
PSU  CMP  PROC  PRIMARY  TO  COW  8 


0907 
0-929 
0^21 
p 92  S 

oo  u 
00  *>(> 
004,8 

oo  (>0 


Command  Name 


13.6.2  PSU  SERIAL  DIGITAL  COMMANDS 

The  rsu  also  receives  fro©  KIP  0 a primary  and  a redundant  serial  digital 
command*  The  .PSU  decodes  the  serial  digital  command  <s  and  pwcute  ft  w i i eh  i n$  of 
regulated  power  to  the  users*  tra.nsmi.tft  coaxial  and  waveguide  switch  c.Q&M-ftd.it 
and  enables  heater  circuits  of  other  WKCS . Figure  15*6*1  provide*  t be  aerial 
digital  command  to  discrete  command  conversion  .format.*  Table  13,6-3  provides  a 
listing  oi  the  acceded  jseri&l  digital  .command  function*  These  command  number* 
are  shown  in  oc  t a I . 
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13.6.3  GDE  DISCRETE  COMMANDS 

GDE  discrete  commands  are  shown  in  Table  13.6-4. 

Table  13.6-4.  GDE  Discrete  Commands 


RIU  CMD 

CH.  NO. 

Command  Name 

0930 

GDE 

PRIME  DATA  CONVERT 

0959 

GDE 

REDUND  DATA  CONVERT 

13.6.4  GDE  SERIAL  DIGITAL  COMMANDS 


The  motor  drive  electronics  of  the  gimbal  drive  electronics  (GDE)  receives  from 
RIU  9 a primary  and  redundant  serial  digital  command.  These  commands  are  used 
to  control  the  gimbal  drive  motors.  Figure  13.6-2  describes  the  decoding  of  the 
• serial  digital  commands  into  the  incremental  drive  pulses.  RIU  9A/9B  are 
'?5  directly  connected  with  each  GDE  which  is  internally  cross-strapped . Table 

13.6-5  is  a listing  of  GDE  serial  digital  commands. 
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Table  13.6-5.  GDE  Serial  Digital  Commands 


Magnitude 

Command 

Command 

00D4 

GDE/MDE  PRI  ON 

003C 

GDE/MDE  PRI  OFF 

001C 

PRI  GDE/MDE  PRI  POWER  ON 

0092 

PRI  GDE/MDE  PRI  POWER  OFF 

003A 

GDE/RPE  PRI  ON 

00B6 

GDE/RPE  PRI  OFF 

00A1 

GDE/MDE  REDUND  ON 

0069 

GDE/MDE  REDUND  OFF 

0049 

REDUND  GDE/MDE  PRI  POWER  ON 

00C5 

REDUND  GDE/MDE  PRI  POWER  OFF 

006D 

GDE/RPE  REDUND  ON 

00E3 

GDE/RPE  REDUND  OFF 

13.6.5  DSU  SERIAL  COMMANDS 


The  digital  switching  unit  (DSU)  receives  a primary  and  redundant  serial  digital 
command.  The  DSU  decodes  and  converts  the  serial  digital  commands  into  15 
equivalent  discrete  commands  to  execute  switching  of  TM  and  MSS  data  to  the  Ku- 
band  system,  or  the  X-band  system,  or  both.  Each  RIU  is  connected  to  each  DSU 
which  Is  internally  cross-strapped.  Table  13.6-6  is  a listing  of  DSU  serial 
digital  commands. 


Table  13.6-6.  DSU  Serial  Digital  Commands 


Magnitude 

Command 

Command 

0094 

DSU 

PRI  ON 

005C 

DSU 

PRI  OFF 

00C1 

DSU 

REDUND  ON 

0029 

DSU 

REDUND.  OFF 

Figure  13,6-3  provides  the  DSU  command  and  telemetry  format. 
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SERIAL  DIGITAL  COMMANDS 

0975  WBCS  DSU  PRIMARY  CONTROL 

0976  1,'BCS  OSII  REDUNDANT  CONTROL 


«r  COf f 

X-BAND 

w 

mo 

I- CHANNEL 

a-CHAtINEL 

I-CHAHNEL 

G.-CHANNEL 

11  100  100 

xxxxxxxx 

84  PN 

MSS 

ii  noi  oio 

myym 

“84  PN 

MSS 

11  010  1(10 

mr/m 

TM 

TH 

11  001  003 

m/ym 

TM 

TH 

11  000  100 

xxxxxxxx 

TM 

MSS 

J1  001  000 

xxxxyyxy 

TH 

MSS 

li  mo  oio 

myym 

84  PN 

MSS 

84  PN 

MSS 

11  loo  00 i 

xvxvyyyy 

84  PN 

MSS 

TM 

TM 

11  IOC  000 

myym. 

m PN 

MSS 

TM 

MSS 

11  010  010 

myym 

TM 

TH 

84  PN 

MSS 

11  010  001 

xxxxxxxx 

TM 

TM 

TH 

TM 

11  010  000 

xxxxxxxx 

TM 

TH 

TM 

MSS 

11  000  010 

xxxyyyyv 

TM 

MSS 

84  PN 

MSS 

ii  oon  ooi 

xxxxxxxx 

TM 

MSS 

TM 

Tfl  ' 

11  000  000 

xxxxxxxx 

TM 

ms 

TM 

ms 

- FIRST  BIT  IN  TIME,  BIT  0 
BITS  0-7  DISCARDED 

KU-BAND,  BITS  10-9-8 

000  TM  AND  MSS  ON 

001  TM  AND  TM  ON 
010  84  PN  AND  MSS  ON 
1XX  KU-BAND  OFF 


NOTE:  X “ DON'T  CARE  BIT 


I ENABLE,  BITS  15-1% 

11  ENABLE 
10  D > SABLE 
01  DISABLE 
00  DISABLE 


X-BAND,  BITS  13-12-11 
XXI  X-BAND  OFF 
000  TM  AND  MSS  ON 
010  TRTAND  TM  ON 
100  8%  PN  AND  MSS  ON 


Figure  13.6-3.  Digital  Switching  Unit  (DSU)  Command  Format 
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13.6-6  SYSTEM  RESPONSES  TO  THE  LISTED  COMMANDS 

The  following  setions  depict  the  system  response  to  the  various  commands# 
Schematic  diagrams  are  provided  to  aid  In  understanding  the  response. 

The  sections  are  arranged  In  this  order: 

1.  Power  Converter 

2*  Command  Decoder 

3.  Coaxial  Relays  and  Waveguide  Switches 

4.  UQPSK  Modulator 

5.  DSU  Control 

6.  Ku-Band  TWTA  Control 

7.  X-Band  TWTA  Control 

8.  X-Band  Waveguide  Switches 

9.  Ku-Band  Upconverter 

10.  Autotrack  Receiver 

11.  Heater  Control 

12.  X-Band  TWTA  Heater  Control 

13.  Autotrack  Down  Converter 

14.  Frequency  Sources 

15.  Gimbal  Drive  Control 

16.  Autotrack  Combiner 

13.7  TELEMETRY  (WBCS) 

Operation  of  the  WBCS  Is  monitored  by  analog,  passive  analog,  bilevel  gates,  and 
serial  digital  telemetry,  which  are  shown  in  Table  13.7-1.  Note  that  sample 
rate  refers  to  samples /major  frame. 

For  Information  regarding  calibration  curves  for  the  telemetered  functions,  see 
Appendix  A. 13. 
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